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The treatment of i so la t ed membranes with phospho-
l ipases and modification of t h e i r phospholipids end s t e ro l 
composition by incubation in v i t ro with exogenous l ip ids 
cons t i tuen ts has provided useful leads in elucidating 
ce r t a in aspects of s t ructure-funct ion relat ionship* Although 
the act ion of phospholipass-D has been studied in some 
d e t a i l s by several workers* yet t ransphosphatidylat ion in 
i n t ac t membranes by phaspholipa6e-D does not seem to have 
been s tudies at a l l* The t r a n s f e r of phosphatidyl radical 
to a primary alcohol or an a lcohol ic base i s an established 
a c t i v i t y of phospholipa8s-D in i so la ted phospholipids and 
i f t h i s reaction (tratisphosphatidylfition) could take plpce 
in i so l a t ed membranes in presence of phospholipase-D end 
an exogenously added base such as choline, ethenolamine and 
s e r i n e , wi l l provide en idea l t o o l of a l te r ing the composition 
of phospholipid bpses in membranes and studying the effect 
of such a l t e r a t i ons on the a c t i v i t i e s of membrane-bound 
enzymes. This hns, in fac t , been attempted in t h e present 
d i s s e r t a t i o n . Transphosphatidylation of rat kidnsy mitocho-
ndria and ret RBC by p a r t i e l l y pur i f ied phospbolipass-D 
of cabbage which i s free from any phospholipaSe A or C or 
p ro teo ly t i c a c t i v i t y , has been unequivocally established. 
The a l t e r a t i o n s in t h e composition of phospholipid were 
found to affect the a c t i v i t i e s of membrane-bound cat ion-
st imulated ATPaSes. 
Although, considerable amount of q u a l i t a t i v e work 
on the exchange of phospholipids and s t e r o l s in membranes 
( 2 ) 
has been car r ied out by various groups of workers* the 
quant i ta t ion of t h i s exchange and the affect of the 
degree of exchange on membrane permeabil i ty o r membrane-
bound enzymes does not seam to have receivad suff ic ient 
a t t en t i on , /^n attempt hns been made in the present 
d i s s e r t a t i on to study quan t i t a t ive ly the exchange of 
exogenous s t e ro l s from animal* plant and bac t e r i a l sources* 
tz i t e rpenoid alcohols l i k e -amyrin, lupeol ~nd t s raxero l 
and phospholipids with rat . kidney mitochondria end the 
effect of t h i s exchange on membrane morphology and 
a c t i v i t y of cat ion-s t imulated HTPases./ 
The r e su l t s obtained in t h i s d i s se r t a t ion c lear ly 
show that* 
Membrane-bound PC, P£ and PS of rat kidney 
mitochondrial f ract ion and RBC are hydrolyzed by phoapho-
lipose-D which i s free from p ro teo ly t i c o r phospholipasa 
A o r C a c t i v i t y . Simultaneous with hydrolysis af membrane-
bound phospholipids* choles terol i s released from t he 
membranes into the medium but PA* the main product of 
phospho lipase-D diges t ion , remains bound to the membranes* 
Following the action of phospholipoaSe-D* swelling 
in v i t ro of mitochondria i s increased i n i t i a l l y * leading 
u l t ima te ly , to rupture of the mitochondrial membranes. 
Similar ly , phoephulipaSe-D t r ea t ed RBC also exhibited 
rupture of c e l l membrane which was tnenifest in hearaolysis. 
( 3 ) 
+ • +2 
Membrane-bound ATPases (Ma • K ) ATPase, Ce - ATPase 
• 2 
and Mg - ATPasa o f mi tochondr i a l f r a c t i o n
 s s w Q l l a a 
o f RBC axa p a r t i a l l y inac t ive t ad during h y d r o l y s i s with 
phosphol ipasa-D but membrane-bound a c e t y l c h o l i n e e s t e r a s e 
of RBC i s p a r t i a l l y a c t i v a t e d . 
R e c o n s t i t u t i o n of t h e phosphol ip a sa-D t r e a t e d 
mi tochondr ia with PC and PS r e s u l t e d in p a r t i a l r a s t o r a t i o n 
o f ATPase a c t i v i t y wh i l e r a c o n s t i t u i o n with P£ and chole-
s t e r o l d id not r e s t o r e t h e a c t i v i t y of any o f t h e ATPases. 
R e c o n s t i t u t i o n o f pho3p ho l i p a s e - D t r e a t e d RBC with any of 
t h e s e phospho l ip ids o r c h o l e s t e r o l did not r e s t o r e t h e 
ATPase a c t i v i t y . . 
Treatment of t h e mi tochondr i a l f r a c t i o n with 
phosphoi ipass-D r e s u l t e d i n the i n c r e a s e d c a p a c i t y o f t h e 
45 +2 
membranes to bind wi th Ca . PA accounted for most of 
tha *" Ca - binding with membrane, however, c e r t a i n 
•••• 
nmounts of Ca glsn bound with membrane p r o t e i n , t h e 
l a t t e r was unaf fec ted by t r ea tment with pbosphal ippse-D, 
Transphospha t idy la t ion of membrane-bound PC, PE 
and PS i n presence of exoganously added c h o l i n e , ethanolamine 
end s e r i n e r e s p e c t i v e l y , was c l e a r l y demonstrated both in 
m i t o c h o n d r i a l f r a c t i o n and RBC. In a t r a n s p h o s p h a t i d y l a t i n g 
system con ta in ing s e r i n e which r e s u l t e d i n i n c r e a s e d 
c o n c e n t r a t i o n of PS i n tha membranes, {Na+ • K*) ATPasa 
was s t i m u l a t e d whi le i n p resence of cho l ine and ethanolamine, 
t h a enzyme wes p a r t i a l l y i n a c t i v a t e d , both i n t h e 
mi tochondr i a l f r a c t i o n and RBC 
( 4 ) 
Incubation of mitochondrial fraction with exogenous 
phospholipids resul ted in uptake of phospholipids and release 
of membrane-bound cho les te ro l , whereby, there was a net 
enrichment of mitochondrial membrane with speci f ic phos-
pholipids and i t was found tha t the mitochondria enriched 
with PC, PE and 5M exhibited decreased swelling in, v i t ro 
and considerable lowering in t h e a c t i v i t y of t o t a l ATPase 
and (Ma + K ) ATPase while Ca - ATPase remained un-
affected. On the o ther hand, mitochondrial fraction 
enriched with PS and PPL i so la ted from buffalo kidney 
showed increased swelling and increased a c t i v i t y of t o t a l 
end (Na+ • K*) ATPases. The capacity of -She mitochondrial 
45 +2 fract ion to bind with Ca in v i t ro waa not affect ad by 
enrichment with PC, P£ and HM but enrichment with PS end 
45 -f2 PiJL resul ted in s igni f icant increase in Ce - binding 
capacity* 
Similar ly , incubation of rat kidney i.iitcchondrial 
f ract ion with exogenous cholestaroJ , e rgos te rc l , 
- s i t o s t e r o l , lo no s t e r o l , -smyrin, lupeel ?nd t; ,raxerol 
resul ted in the uptake of a l l theee l ip id cons t i tuen ts . 
Exogenous choles te ro l alone was able to dislodge membrsne-bouni 
FC and PA while membrane-bound PS and PE remained unaffected. 
Inc l iba t ion of mitochondrial fraction with lanoetero l , 
- s i t o s t e r o l , e rgos te ro l , -amyrin, lupeol
 and ta raxero l 
did not r asu l t in the re lease of membrane-bound phospholipids. 
Under these condi t ions , incubation with a l l these compounds 
led to decreased swelling in v i t ro end di i c ~ . j . ->-'^v^„w 
» - t 
o f t o t a l ATPase and (.Ma • K ) ATPase. 
Thus, i t i s concluded from t h e abova resul ta that t 
1) Lipid composition of ths membranes can be a l tered 
by incubation of the mitochondrial fraction with exogenous 
phospholipids pnd s t e r o l s . Under these condi t ions t the 
fa t ty acid composition of the phospholipid incorporated 
may not be i d e n t i c a l to the phospholipid molecule dislodged 
fxom the membranes; there i s simultaneous re lease of 
membrane-bound cho les te ro l ! and ce r t a in amount of surface 
adsorption also occurs, phospholipid composition can be 
a l t e red by carrying cut transphosphatidylption of the membranes 
in v i t ro in the presence of phospholipa se -D and exogenous 
bases serine* atbanalemine* and choline* Under these condi-
t ions* the fa t ty acid-moeit ies of membrane-bound phospholipids 
are not disturbed. 
2) employing both the techniques, v i z . , in vi t ro 
transphosphatidyl&tion and incubation with exogenous l ip ids* 
i t i«BS been possibxe to demonstrate that swelling iji v i t ro 
of rat kidney mitochondria and the a c t i v i t y of (Na *K ) 
ATPase was almoet d i r ec t l y cor re la ted to each other*-both 
of which are very much affected by acidic phospholipids. 
r levntion of s t e ro l level in the memoranes leads to decreased 
swelling in v i t ro as well as reduction in the a c t i v i t y of 
(Na+ +K+) MPaSP. 
These findings e lucidate with cer ta in amount of 
spec i f i c i t y t n e *ole °f individual phospholipids* especially 
( 6 ) 
t h e i r bases mid s t e r o l s , in membrane permeability and the 
a c t i v i t y of mem branch- bound cat ion-s t imulat ad ATPBSSS in 
pur i f ied mitochondrial fraction of re t kidney and rat RBC» 
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TO ALL THOSE INVESTIGATORS UHO PAVED THE 
UAY FOR OUR PRESENT UNDERSTANDING OF 
BIOLOGICAL MEMBRANES AND, TO MY FAMILY 
MEMBERS; PARTICULARLY MY ELDER BROTHER 
QAMAR UHO UAS A DOMINANT INFLUENCE IN MY L I 
PREAP.BLE 
Poets, philosophers and mystics have all dwelt 
upon the mysteries of life and death. The celebrated 
Urdu poet B.N.Chakbast uas nearest to modern science 
when ne wrote -
" Zindgi kya hai, Anasir main Z-^hoor-e-Tarteeb, 
Maut kya hai, enhi Ajza ka Parishan Hona " 
What is life? 
Flux of harmony in the organisation of constituents, 
And what is death? 
But disorganization of the same. 
The organization of organic molecules of hot 
primordial soup into " primitive membr-ne " was perhaps 
the first event in the origin of life on our planet. 
biological membranes and membranous organelles display 
some of the activities of life processes, but once the 
( i i ) 
membrane structure is disorganized, all the biochemical 
manifestations of life cease. The problem of life and 
death seems to be related uith the organization and 
disorganization of membrane structure. 
Biological membranes are composed of complex lipids, 
proteins and carbohydrates. Molecular organization of these 
constituents has been visualized in various models of 
membranes proposed from time to time, such as Gorter and 
Grendel (1925); Danielli and Davson (1935); Robertson 
model (1959); Kavanau model (1365); Lenard and Singer model 
(1966); Vanderkooi and Green model (1970) and Lipid-Globular 
Protein-Mosaic (LGPM) model of Singer and Nicholson (1972). 
Organization of the complex structure of biological 
membranes is intimately correlated uith their diverse 
and specialized functions in the metabolism of living cell. 
The role of individual molecular species of the membrane 
constituents in the organization of structure and function 
of the membranes and membranous organelles and elucidation 
of the intermolecular association is of prime importance 
in Membrane biology. 
Alteration of lipid composition of membranous 
organelles by dietary factors, i_n vitro incubation uith 
isolated lipid constituents, partial removal of the 
membrane-bound lipids by treatment of membranes uith 
solvents or detergents and stripaing-off of tfr; fatty aciJ 
( i i i ) 
chains or polar groups of membrane-bound phospholipids 
by treatment uith phospholipase-A or C has greatly helped 
in the elucidation of membrane-structure and function. 
In spite of, intensive researches carried out in 
various laboratories in the world, exact details of 
structure-function correlation in biological membranes 
are still not available. Therefore, in the present 
dissertation, efforts have been made to study the effect 
of phospholipase-D on the membrane structure, lipid 
composition and cation-stimulated ATPases of rat kidney 
mitochondria and red blood cells (RBC). Some useful 
results have been obtained and the implication of these 
finding on current concepts of membrane structure and 
functim have been discussed. Uhile uorking in such a 
field uhich aims at unrivalling the mysteries of nature, 
one has to be fully ?uare of the limitatians of available 
methodology of investigations. The problem is vast and 
what has beon attempted is merely a fringe on the 
periphery. 
( i t f ) 
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SR 
LPC 
PC 
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CHAPTER I 
I N T R O D U C T I O N 
INTRODUCTION 
For the first time in 1665, Robert Hook (cited by 
Suanson, 1963), an Englishman, coined the word 'cell' to 
denote the honey comb like structure visible in pieces 
of cork examined under "primitive microscope". Later, 
in 1838, Schleiden and Schwann (cited by Suanson Loc.cit) 
advanced the so-called 'cell-theory', according to 
which the cells were considered to be the fundamental 
building-blocks of all living things, and thereby implying 
that life could exist only within the 'cell'. 
Since the time of Schleiden and Schwann, our 
knowledge of the cell has undeniably increased by leaps 
and bounds. Perhaps, no other tool has helped so much in 
unrivalling the mysteries of the cell as new advents in 
microscopy. It is only with the coming into existence 
of light microscope of higher resolution and phase contrast 
and electron microscope that the structure of living cell 
could be described in greater details. As a result of 
intensive studies carried out by cytologists and 
biochemists, it has become self-evident that cellular 
morphology is indispensable for the operation of living 
activities. 
(2) 
ISOLATION OF ORGANELLES AMD KENBRANES 
The development of techniques for mild homogenization 
of tissues and isolation of various organelles by differential 
centrifugation was a turning point in the elucidation of 
cellular metabolism. Various subcellular organelles were 
isolated in reasonable degree of purity, their structure 
studied uith the help of electron microscope and the enzymes 
of each organelle characterized. This lead to the recognition 
of specific function of each organelle in cellular metabolism. 
Thus, the role of mitochondria in transduction of energy 
(Lehninger, 1965; Uojtczak and Zaluska, 1969); of endoplasmic 
reticulum in biosynthesis of protein, phospholipids and 
sterols; of lysosomes in digestion of exteraneous material 
and even the cell itself; of Golgi complex in secretory 
processes have been established. 
All these organelles are primarily composed of 
membranes which when examined under electron microscope 
are seen as twin double layers about 20 A0 thick separated 
by an interzone of about 35 A° and made up of lipids and 
protein, though carbohydrates are also present in some 
cases. Biological membranes have been the subject of 
intensive investigations from the view point of their lipid 
composition and chemical or physical forces which stabilize 
them and govern their functions. (.Quantitation of lipids is 
a primary requirement in formulating the molecular 
organization of biomembranss. Non-availability of suitable 
(3) 
methods for preparation of uncontaminated subcellular 
organelles has been the major impediment in the correct 
quantitation of their lipid composition. However, fruitful 
application of biochemical techniques and ultrastructural 
studies has enabled the scientists to obtain highly purified 
preparations of membranes and membranous organelles and 
to determine their lipid composition. 
LIPID COMPOSITION OF BIOLOGICAL KEMBRANES 
The isolated membranes from living cells contain 
about 20 - 30 % of polar complex lipids like phospholipids 
or glycolipids or sulpholipids (Marinetti ejt
 <al,. , 1958; 
Fleischer e_t _al., 1961; Benson, 1964). The total lipid 
content varies from membrane to membrane. The fatty acid 
residues of animal and plant cell membranes are generally 
polyunsaturated (Holman and Uidmer, 1959) uhereas, the 
fatty acids of phospholipids of bacterial membranes are 
generally monounsaturated (Kates, 1964). The ratio of 
neutral lipid to phospholipid is another variable feature of 
the membrane, it may be very lou as in case of mitochondria 
or quite high in other membranes (Bailie and Morton, 1953; 
Fleischer at aj^ . , 1961; De Gier and Van Deenen, 1961). 
Composition of neutral lipids 3uch as triglycerides, 
diglycerides, monoglycerides and cholesterol is also 
variable (Schultz and fleyer, 195B; De Gier and Van Deenen, 1961). 
Phospholipids commonly found in the membranes are phosphatidyl-
ethanolamine, phosphatidyl-choline, phosphatidyl-serine, 
sphingomyelin, phosphatidic acid, phosphatidyl-inositol, 
coreberosides and cardiolipin. 
(4) 
Neutral lipids of plasma membrane have very low 
content of glycerides and a high content of free fatty acids 
(Skispi at al., 1965). About 55.4 to 59 >o of the total lipid 
is phospholipid as compared to 80 % phospholipid in rat liver 
mitochondrial fraction (Dad and Gray, 196B; Ray et. al.. , 1969). 
Three major components phasphatidyl-choline, phosphatidyl-ethanol-
amine and sphingomyelin represent more than 70 % of the 
total phospholipids of the plasma membranes (Ray et_ .al.. , 1969). 
Sphingomyelin content of the lipid of plasma membrane is 
about three fold of that in the whole liver (Skispi et_ a_l. , 1965; 
Ray at, j3l.
 t 1969). The cholesterol content and the molar ratio 
of cholesterol to phospholipids in plasma membrane is much 
higher than in liver mitochondria (Dod and Gray, 1969). 
Chemical composition of cellular membranes shou both tissue 
and functional specificity (Ashuorth and Green, 1966). 
The lipid composition of mitochondria from different 
tissues of rat (Gurr ejt ajU , 1965; Getz et. al.. , 1962; Getz 
and Bartly, 1959; Strickland and Benson, 1960); guinea pig 
(Eichberg et_ al.. , 1964) and pig (Marinetti ert aJU , 1959) 
has been studied extensively. Phospholipids constitute 
about 90 % of the total lipid present in the membrane and 
the remainder is triglycerides, diglycerides and cholesterol. 
Special characteristics of mitochondria from different 
tissues is the presence of cardiolipin, which i3 exclusively 
localized in the mitochondrial fraction (Getz et. aJU , 1962). 
(5) 
The concentration of cardiolipin varies from 10 - 12 % of 
the total phospholipid present in the mitochondrial fraction 
of different tissues. Most of the linoleinic acid found in 
rat liv/er (Getz et al. , 1962) is associated uith cardiolipin. 
Other major phospholipids found in mitochondrial fraction 
are phosphatidyl-choline, phosphatidyl-ethanolamine and 
sph ingomyel in . Gangl ios ides and cereberosides are v i r t u a l l y 
absent from mitochondrial fraction. A small quantity of 
plasmalogans is also found, e.g. guinea pig brain contains 
ethanolamine plasmalogen. 
Host of the lipid of the cell is associated uith 
the microsomal fraction. Of the various phospholipids, 
cardiolipin is present only in small quantity but more than 
half of the cell's complement of lecithin is found in the 
microsomal fraction. Lipid composition of microsomal 
fraction of rat liver, quinea pig brain, ox and pig heart 
muscle (Eichberg e£ a_l.. , 1964; Gurr et^  a_l. , 1965; Marinetti 
at aJ. , 1953) has been studied. The higher phospholipid 
concentration of the microsomal fraction is attributed to the 
higher content of choline containing phospholipids 
(phosphatidyl choline and sphingomyelin). Rat liver 
microsomes contain twice as much lecithin as cephalin 
(lecithin about 60 > and cephalin about 30 %). 
Very little uork hns been carried out on the lipid 
composition of nuclear fraction, because suitable methods 
for the preparation of nuclei free from other cellular 
(6) 
particles were not available (Dounce, 1943; Spiro and Flckibbin, 
1956; Rees and Rowland, 1961; Biezenski and Spnet, 1961; 
Getz and Bartley, 1961). However, same studies have revealed 
that the bulk of nuclear lipid is located in the nuclear 
membrane. The phospholipids present in the nuclear fraction 
is in the order - phosphatidyl-choline> phosphatidyl-
ethanolamine^> sphingomyelin's phosphatidyl serine ^ 
phosphatidyl-inositol^- plasmalogens. 
It has been observed that phospholipid composition 
of the same subcellular fraction from different tissues is 
broadly identical but the phospholipid composition of 
different subcellular fraction of the same tissue is 
different e.g. the plasma membrane is rich in sphingomyelin, 
cardiolipin is a characteristic phospholipid of mitochondrial 
fraction, microsomal fraction is rich in phospholipids and 
aminolipids and supernatant is very poor in phospholipids. 
PHQSPHQLIPASES A3 PR3BES QT MEMBRANE STRUCTURE AND FUMCTIJN 
It is now generally accepted that the integrity of 
biological membranes is indispensable for correct functioning 
of the cell. Any alteration in membrane lipids may affect 
some of the metabolic functions such as transport, 
oxidative phosphorylation and protein biosynthesis etc. 
A large number of biochemical and structur-1 probes have 
been used to study the molecular relationship of the lipids 
in membrane function. Stripping-off of the nonpolar and 
Fig. 1. 3ite of action of phospholipases. 
1 . Phospho l ipase-A, , 
2 . P h o s p h o l i p a s 8 - A 2 
3. Phospho l ipa3e-C 
4 . Phospho l i pnse -D 
(x^ denotes nitrogenous bases such as choline, 
ethonolamine and serine. 
C?3 9H3 Ct^3 SH3 
\ c = o 
o 
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o = c 2 
\ 
H2C 
O 
/ 
CH ® 
A \ 
O O 
Fig. I 
(7) 
po la r moie t ies o f membrane-bound phospho l ip ids by t reatment 
w i t h phospholipase A or C and D has given some promis ing 
lends i n e l u c i d a t i o n of the r o l e of l i p i d s i n membrane 
f u n c t i o n . 
Phospholipase - A 
Phospholipase - A (phosphatidyl acyl hydrolase; 
EC 3.1.1.4) hydrolyzos only one of the fatty acyl ester 
linkage of 1,2 diacyl-3-n-glycoryl phosphatides. 
Phospholipase - A from snake venom is unable to 
haemolyze fresh erythrocytes from sheep (Casu e_t_ rvl. , 1963), 
beef (Uthe and Plages, 1971a,b), human (Roelfson et aj.. , 1971) 
or rabbit (Habermann and Krusche, 1962). Comparable 
results hove be'jn obtained with the enzyme frum bee venom 
(Habermann, 1971). However, phospholipase - A causes 
haemolysis of washed ROC (Lankisch and Vogt, 1971a,b) and 
of ghosts (Casu §_t oJL.. , 1363; Condrea et. a_l. , 1970; 
Roelofson et, a_l. , 1971; Uthe and hagee, 1971b). The enzyme 
can haemolyze intact RDC in combination uith a lytic factor 
(Condrea ejt ^aJL. , 1970; Habermann, 1971) or with added lecithin 
(U.B. Campbell quoted in ^imokins e_t aJL.. , 1971c) or 
following treatment uith 3H- blocking reagents (Lankisch and 
Vogt, 1971a,b). Phospholipase - A causes 6 5 - 7 0 > hydrolysis 
of membrane-bound phospholipids. Transfer of cholesterol 
from RBC to plasma has also been observed following 
phospholipase - A treatment (Klibansky et al., 1967). 
(3) 
Treatment of RBC w i t h phospholipase-A also impa i rs ca t i on 
t r a n s p o r t (Greig and Gibbons, 1956). 
Ac t ion o f phospholipase-A on plasma membrane h3S 
fu rn ished very i n t e r e s t i n g r e s u l t s regard ing l o c a l i z a t i o n , 
l a b i l i t y and the complex molecular s t r u c t u r e o f harmone-
s e n s i t i v e adenyl c yc l ase , receptor fo r the ac t i on o f 
i n s u l i n , glucagon and other hormones. Thus, f o l l o w i n g 
the ac t i on o f phospholipase-A on muscle and adipose t i ssue 
125 
of rat, altered insulin-I binding, glucose transport and 
antilipolytic activ/ity has been observed (Slecher, 1967; 
Blecher and Carr, 1968; Cuatrecassas, 1971). Fiembrane-bound 
adenyl cyclase of the plasma membrane exhibits variable 
sensitivity to different hormones in different tissues. 
Action of the enzyme on rat livar plasma membrane inhibits 
binding and activation of glucagon but activation by 
fluoride is continued, suggesting thereby, that different 
modulating processes far fluoride ion and glucagon operate. 
After treatment of sarcoplasmic reticulum microsomes 
with phospholipase-A, the perme-bility of membrane touards 
+ 2 +2 
Ca increases and ATP-driven C-< storage is abolished (Fiehn 
and Hasselbach, 1970; Hasselbach at el,, 1970). Although 
ATPase activity is lost, the phosphoryl transfer reactions 
remain unaffected even after removal of 90 - 90 % of the 
phospholipid (Heissnar and Fleischer, 1972). Similarly, 
the action of the enzyme on bovine liver microsomes under 
(9) 
appropriate conditions activates glucose-6-phosphatase 
(Zakim, 1970). This has provided some insight into the 
+2 
mechansism of ths operation of the Ca -pump. 
It has been reported that the membrane conductance in 
squid axons, lobstor axons (Condrea and Rosenberg, 1963; 
Rosenberg, 1970; Rosenberg and Condrea, 1968; Tobias, 1955) 
and node of Ranvier (Nelson, 1953) is altered to different 
degrees by treatment uith phospholipase-A. Similarly 
nicotine-binding capacity of acetylcholine receptor 
from lobster axons is reduced by more than 75 /a (Danburg 
et. .al., 1972). 
The action of phospholipase-A causes swelling of rat 
liver mitochondria (Condrea et. al.. , 1965; Earnshau et al. , 
1970; Uaite et al., 1969); inhibition of respiratory 
activity of beef heart mitochondria (Fleischer e_t_ a_l. , 1962); 
uncoupling of phosphorylation in brain mitochondria 
(Arvindakshan and Braganca, 1959); separation of inner 
membrane of brain mitochondria (Marks et, al.. , 1970); 
-(•2 inhibition of binding and translocation of Ca 
(Carafoli et. al. , 1971); disruption of ATPase (Racker, 1969) 
and relocation of the enzyme from the inner to the outer 
membrane (Green e_t. al.. , 1966). Racker .et. al. studied the 
effects of phospholipase-A on Ca-transport, oxidative 
phosphorylation and the structure of bovine heart 
mitochondria (Berstein e_t. aJL. , 1971a,b). Phospholipase-A 
has been found to be effective in inhibiting various enzymes 
(10) 
of respiratory chain (Dobiasov ejb ajL» , 1971). Positively 
charged compounds and local anaesthetics (Seppala e_t. ajL. , 1971) 
are known to inhibit phospholipase-A induced smelling of 
mitochondria. 
Phospholipase-A has been shown to solubilize choline 
dehydrogenase from rot liver (Rendina and Singer, 1953); 
MADH-ferricyanide oxido-reductnse (King and Howard, 1960); 
NADH-dehydrogenase from yeast (Briggs et, a^. , 1970); 
D-lactate-cytochrome-C reductase from yea3t (Gregolin and 
Singer, 1963); D-glycerophosphate dehydrogenase from pig 
brain (Ringler and Singer, 1958); /3-hydroxybutymte 
dehydrogenase from beef heart and various segments of 
electron transport-chain (Fleischer et al., 1966). The 
release of NADH-dehydrogenase from membranes has been 
correlated with hydrolysis of cardiolipin (Awasthi et al.t 
1970). However, succinate dehydrogenase from beef heart 
mitochondria was not solubilized by treatment uith phospholipase-A 
(Cerletti at a_l. , 1969). 
Phospholipase - C 
Phospholipase - C or phosphatidylcholine choline 
phosphohydrolase (EC 3.1.4.3) catalyzes cleavage of 
phosphorylcholine from phosphatidylcholine (PC). Under 
proper conditions, the enzyme from Clostridium welchii 
has the following substrate specificity PC>SM > PS > PI>LPC. 
Action of phospholipase - C on erythrocytes causes shrinkage 
(11) 
of the cells. Prolonged treatment of RBC (Casu et. al. , 1963), 
RBC ghosts (Coleman £t, aj,,., 1970; Leonard and Singer, 1968; 
Simpkins at, .al,., 1971a) with phospholipase - C liberated 
approximately 70 % of membrane-bound lipid phosphorus. 
Electron microscopic examination of phospholipase-C treated RBC 
(Roelofson et. al. , 1971) and erythrocytes ghosts (Qttolenghi 
and Bowman, 1970; Bowman et. gd., 1971) have revealed the 
presence of discrete areas of digestion on the surface and 
such membranes did not coalesce. 
Treatment of microsomal fraction of different tissues 
with phospholipnse-C liberated about 70 /a membrane-bound 
lipid phosphorus (Stahl, 1973; Finean and Flartonosi, 1965). 
However, such phospholipnse-C treated membranes did not 
rupture (Trump ejb_ al. . 1970; Finean and Fiartonosi, 1965). 
G-6-Pase of microsomal fraction of bovine liver was 
activated during treatment with phospholipase-C (Zakim, 1970). 
It has also been reported that phospholipase-C uncouples 
+2 + 2 / 
uptake of Ca and Ca _ATPa3e in 5R microsomes (Diehl et_ al. , 
1965). 
Effect of phospholipase-C on Ca transport, oxidative 
phosphorylation and the morphology of heart mitochondria 
has been studied (Berstein e_t aj.. , 1971a,b). Phospholipase-C 
did not impair oxidative phosphorylation (Racker ert, a^ ,. , 1970) 
while MADH oxidase activity was lost (Berstein ej^  _a_l. , 1971b; 
Racker et, al. , 1970) and succinoxidase and NADH dehydrogenase 
activities remained unaffected. 
(12) 
Treatment of renal lysosomes with phospholipase-C 
liberated acid hydrolases (Koening, 1966), and acid phosphatase 
and glucuronidase were activated. However, such treatment 
did not rupture the membrane (Koening, 1969; Koening and 
Gray, 1964). 
Phospholipase-C treatment of an arbovirus caused 
loss of viral stability and infectivity (Friedman and 
Pastan, 1969) and all the three viral proteins dissociated 
(Denburg et aj.., 1972). Activity of ATPases of excitable 
membranes has been reported to be affected by treatment uith 
phospholipase-C from different sources (Forte e_t aJL. , 1966; Cavalot 
1969; Emmelot and Bos, 1963). These studies have emphasized the 
role of phosphorylcholine in structure and function of 
biological membranes. 
Phospholipase - D 
Phospholipose-D (EC 3.1.4.4; phosphatidylcholine 
phasphatidohydrolase) catalyzes the cleavage of choline and 
other bases from phospholipids such as phosphatidyl-choline, 
phosphatldyl-ethanolamine and phosphatidyl-serine. In 
addition to phosphatidohydrolase activity, the enzyme also 
exhibit transphosphatidylase activity in the presence of 
high concentration of primary alcohols such 53 methanol, 
ethanol, glycerol, choline, ethanolamine and serine etc. 
(Yang et_ aJ,, 1967; Dausan, 1967) whereby phosphatidyl group 
of the substrate is transferred to the acceptor alcohol. 
(13) 
Lumper et_ jal. (1969) observed that treatment of hepatic 
microsomes with phospholipaae-D did not release cytochrome bg 
from the membranes. Eling and DiAugustine (1971) studied the 
action of phospholipase-D on hepatic microsomes uith a 
vieu to elucidating the role of phospholipids in binding 
and metabolism of drugs. The activities of mixed function 
oxidases, NADH-cytochrome-C reductase and NADH-P _„ reductase 
were greatly impaired in microsomal fraction treated uith 
phospholipase-D. N-demethylation of + benzphetamine uas 
also decreased. Inactivation of glucose-6-phosphatase and 
of 
ATPase / hepatic microsomes riuring digestion uith phosoholipase-D 
has been reported by Kapoor et. .aJL. (1974). Smultaneous uith 
the treatment of the membranes uith phospholipa3e-D, some 
protein having glucose-6-phasphatase activity and cholesterol 
uere released from the membranes into medium and microsomal 
vesicles disrupted. 
Martonosi et^ _al_. (1963) studied the phospholipase-D 
treated SR of skeletal muscle and reported inactivation 
+ 2 
of a number of enzymes but Ca transport uas found to remain 
unimpaired even after prolonged incubation. Helene and 
Roland (1967) observed that incubation of beef heart 5R 
uith phospholipa3e-D resulted in decreased P/0 ratio 
(from 1.3 to 1.5 and 0 after 15 and 20 min respectively). 
(14) 
Dharmalingam and Dayaraman (1971) reported that 
during glucose repression in Saccharomyces cerevesiae, 
mitochondrial breakdown is accompanied by increase in level 
of phospholipase-D activity. It uas postulated that glucose 
induces phospholipase-D activity which, may in turn, be 
responsible for disintegration of the membranes. 
Grossman et_ jol.. (1973) also detected high activity of 
phospholipase-D during the decay of succinic dehydrogenase 
and release of covalently-bound flavin in 5.cerevesiae 
undergoing glucose repression. Douce and Cloude (1972) 
studied action of phospholipase-D on mitochondrial fraction 
isolated from couliflouer buds and observed that oxidative 
phosphorylations was impaired and 10 - 30 ,o of phosphatidyl-
choline and phosphatidyl-ethanolamine were digested. Sergio 
et al« (1966) observed that action of phospholipase-D on rat 
liver mitochondria induces the release of glutarnate 
dehydrogenase and glutamate-aspartate transaminase. 
Cerletti et_ al. (1969) studied action of phospholipase-D 
on particulate and soluble succinate dehydrogenase of beef 
heart and reported inhibition of particulate succinate 
dehydrogenase. However, soluble succinic dehydrogenase uas 
not affected. 
Studies on the action of the phospholipase-D on 
glomerular membranes of rat kidney (Sternberg and Kalant, 1973) 
have led to the conclusion that the linkage between 
glycoprotein and phospholipid was not affected; probably this 
linkage involved hydrophobic interactions between fatty acyl 
chains of membrane phospholipids. 
(15) 
Only fragmentary reports are available on the action 
of phospholipase-D and its effect on the mode of action of 
some hormones (Schneider and Uolff, 1964). Absolute 
requirement of phospholipid bases for iodine-complexing 
in human thyroid has been demonstrated by Panu and Oaakon 
(1966). Treatment ilth phospholipase-D reduces the nicotine-
binding activity of acetylcholine acceptors of lobster axon 
(Danbury et al., 1972). 
Thus it is clear that the action of phosphollpase-D 
on isolated membranes has not been studied in great details. 
Although this enzyme is known to mediate transphosphatidylation 
in isolated phospholipids, this has not been demonstrated in 
biological membranes and may provide an ideal method of 
altering their lipid composition and studying the changes in 
the activities of membrane-bound enzymes of "modified membranes". 
EXCHANGE OF PHOSPHOLIPIDS AND STEROLS IN dEPIBRANES 
Ever since the recognition that phospholipids are 
essential constituents of biological membranes, their 
stability in membranes has been a subject of great interest. 
In the beginning, it uas believed that once phospholipids 
are "layered" in the membranes, thay are metabolically inert. 
Later, researches in this area led to the recognition that 
phospholipids in biological membranes undergo turnover and 
are in a state of flux. Although microsomal fraction of 
the mammalian tissues is the primary site of synthesis of 
(16) 
phospholipids, e.g. key enzymes CDP choline; CDP ethanolamine; 
COP serine-diglyceride transferases etc. are located in ths 
microsomal fraction and the enzymes involved in biosynthesis 
of phospholipids are completely absent in the mitochondrial 
fraction of mammalian tissues (Uilgraim and Kennedy, 1963; 
Schneider, 1963) excepting for the synthesis of PA and CL 
(Stoffel and Schiefer, 1968; Zborouski and Uojtczak, 1969; 
Davidson and Stanacev, 1971; Hostetler et al., 1971). But 
32 it uas observed by several uorkers that uhen P. was 
injected to rat, the label uas incorporated in the liver 
mitochondrial fractions as uell. This incorporation of the 
label could be explained on the basis of transfer of exchange 
of phospholipids from the site of synthesis to other 
intracellular membranes (Akiyama and Sakagami, 1969). 
Many uorkers have studied the exchange of phospholipids 
between RBC membrane and plasma (Lovelock et. al. . 1960; 
Polonovski and Paysant, 1963; Sakagami e_t aJL. , 1965; 
Soula e_t aj.. , 1967; Reed, 1968). The rate of exchange of 
phospholipids betueen plasma and RBC of man and dog has bean 
studied by Reed (1963). No exchange uas observed betueen PE 
and PS. Exchange of phospholipids has also been demonstrated 
bBtueen plasma lipoproteins and subcellular fraction such as 
rat liver microsomes (Zilversmit, 1971), rat liver mitochondria 
(Uirtz and Zilversmit, 1969) and plasma membranes from 
squirrel monkey liver (Illinguorth et al., 1973). Exchange of 
(17) 
phospholipids between cultured mammalian cells and exogenous 
phospholipids has also been investigated (Huang and Pagano, 
1975; Pagano et aj.., 1974; Pagano and Huang, 1975; Grant and 
WcConnell, 1973). Huang and Pagano (1975) showed that uhen 
monolayer cultures of Chinese hamster V79 cells were 
incubated with artificially generated vesicles of labslJe d 
1A 
PC ( C) and analysed for the incorporation of exogenous 
lipids, sufficient amount of PC was associated with plasma 
membrane and redistributed in intracellular membranes. 
They also showed that vesicle-cell lipid fusion and vesicle-
cell lipid exchange were primary processes for the exchange 
(Pagano and Huang, 1975). 
Labelled precursors of phospholipids administered to 
rats were found to be incorporated in mitochondrial 
phospholipids (Ada, 1949; Gurr et. jaJL., 1965), though 
synthesis of phospholipids is not known to occur in 
mitochondria. By employing JH-labelled choline (Stein and 
Stein, 1969) and pulse-chase experiments (3ungalwala and 
Dawson, 1970), it was clearly demonstrated that newly 
synthesized phospholipids were rapidly distributed between 
microsomes and mitochondria by exchange. Uirtz and Zilversmit 
(1969) demonstrated that when rats were treated with 
phenobarbitol and carbon tetrachloride, both of which are 
known to affect metabolism of phospholipids in microsomes, 
specific radioactivity of mitochondrial phospholipids ran 
(18) 
parallel with the changes in specific radioactivity of 
microsomal phospholipids. Exchange of phospholipids i_n_ vitro 
between mitochondria and microsomes from rat liver has also 
been reported (Uirtz and Zilversmit, 1968; McFiurray and 
Dawson, 1969; Akiyama and Sakagami, 1969) and it was observed 
that the exchange was greatly stimulated by 105,000 x g 
supernatant. This observation has proved to be turning 
point in this area and led to the characterization of 
stimulating factors present in the 105,000 x g supernatant. 
Exchange Protein 
Akiyama and Sa[<agami (1969) showed t h a t when u n l a b e l l e d 
32 
rat liver mitochondria were incubated with P-labelled 
supernatant, the label was transferred to the mitochondria. 
32 
Further, it wcs shown that incubation of P-labelled 
microsomes or mitochondria with unlabelled ' 105,000 x g 
supernatant ' resulted in the exchange of phospholipids and 
the supernatant fraction became labelled. Later on, ' pH 5.1 
supernatant ' of the ' 105,000 x g supernatant • was found to 
be as active as the ' 105,000 x g supernatant ' (Uirtz and 
Zilversmit, 1969). The ' pH 5.1 supernatant ' stimulated 
the exchange of phospholipids not only between mitochondria 
and microsomes but al3o between microsomes, plasma membrane 
and microsomes (Kamath and Rubin, 1973). The pH 5.1 
supernatant has also been found to stimulate the exchange of 
phospholipids between mitochondria and microsomes from various 
tissues such as guinea pig brain (Miller and Dawson, 1972). 
(19) 
The * pH 5.1 supernatant ' also mediated the exchange of 
phospholipids batueen rat liver microsomes and liposomes, 
betueen liposomes and liposomes, very low density and high 
density lipoproteins (Uirtz et .al., 1972; Ehnholm and 
Zilversmit, 1972; Illinguorth and Portman, 1972). It was 
also shown that the ' pH 5.1 supernatant ' failed to mediate 
the exchange of phospholipids betueen human RBC and rat 
liver microsomes or liposomes. 
Extensive researches an the ' pH 5.1 supernatant ' 
showed that a number of highly specific proteins mediating 
the exchange of phospholipids are present. Considerable work 
has been carried out on exchange proteins of beef liver 
(Kamp et_ al. , 1973; Uirtz at al., 1972; Uirtz and Kamp, 1972) 
and beef heart (Uirtz and Zilversmit, 1970; Ehnholm and 
Zilversmit, 1973). A phospholipid exchange protein isolated 
from beef heart by Ehnholm and Zilversmit (1973) uas found 
to be specific for PC, PE was not exchanged by this protein. 
Similarly, another protein which mediated the transfer of 
P-labelled PC and PI from P-labelled mitochondria to 
unlabelled microsomes from rat liver was characterized. 
Phospholipid exchange protein isolated from beef liver 
'hi 
mediated the transfer of P-labelled PC from labelled 
microsomes to unlabelled mitochondria from rat liver. 
Recently, Dohnson and Zilversmit (1975) isolated another 
protein which catalyzed the exchange of PC between the 
membranes. 
(20) 
High concentration of Ma , Ca and Mg impaired 
the exchange. Helmkamp at. al. (1974) isolated tuo exchange 
proteins specific far PI from bovine brain. Tryptic digestion 
of these exchange proteins uas found to impair the exchange. 
Baruskav jrt a.1. (1975) have employed NMR for establishing 
the exchange of phospholipids between PC and PI vesicles and 
this has proved useful in studying the exchange of phospholipid 
stimulated by soluble protein from rat liver. Johnson a_t al. 
(1975) studied phospholipid exchange between P-labelled 
PC-liposomes and liver mitochondria in the presence of 
phospholipid exchange protein isolated from bovine heart. 
Demel (1973) employing monolayer technique showed that 
probably a collision complex is formed between phospholipid 
exchange protein and phospholipids, the complex is stabilized 
by hydrophobic interactions. The difference in the 
specificity of phospholipid exchange protein has also been 
attributed to the extent of hydrophobic interaction between 
the protein ?nd phospholipids. 
EXCHANGE OF STEROLS 
Cholesterol is a principal sterol of mammalian tissues, 
though other sterols have also been reported to be present 
in appreciable amounts (Glover and Green, 1957; Miller and 
Bouman, 1954; Uerbin and Chaikoff, 1962; Lasser and Clayton, 
1966; Smith and Fumagallio, 1967). 
(21) 
The ability of unesterified sterols to exchange both 
in vivo and in. vitro uas first shown by Gould and his 
associates (Hangerman and Gould, 1951; Eckles £t. aJU, 1955; 
Gould et, ,al. , 1955; London and Schuarz, 1953; Porte and Havel, 
1961; Murphy, 1962; Sodhi and Kalant, 1963) by employing RBC 
as a source of membranes. Exchange of unesterified cholesterol 
and other cellular membranes such as intestinal microvilli 
(Eicholz and Crane, 1965), liver plasma membranes (Emmelot 
§£ §k* > 1964), small myelin particles and brain mitochondria 
(Uhittaker, 1966) and liver smooth ER and microsomes 
(Peters, 1962) has also been investigated. The ability 
of unesterified sterols to exchange uith cellular membranes 
uas determined by incubating the membranes uith serum 
14 
l ipoprote in label led uith ( C)-cholesterol by previous 
14 
administration of C-mevalonic acid to rats. 
Ashuorth and Green (1964) demonstrated the transfer 
of palmitic acid and cholesterol betueen human -lipoprotein 
and RBC. Palmitic acid uas taken up by RBC, 62 % of 
endogenous sterol of numsifi-lipoprotein exchanged uith that 
of rat RBC. Bruckdorfer and Green (1967) demonstrated 
the exchange of unesterified cholesterol betueen human lou 
density lipoprotein and rat erythrocyte ghosts. Bruckdorfor 
jet. .aJL.. (196B) demonstrated the ability of aqueous dispersion 
of egg lecithin to remove cholesterol from RBC membrane. 
The exchange of cholesterol betueen PC-cholesterol 
dispersions and RBC ghosts has also been reported by the 
same authors. Further, it uas shown that sufficient quantity 
of cholesterol can be replaced from the membranes by other 
(22) 
sterols solubilized by lecithin (Bruckdorfer ejb, a^ l., 1963). 
Thus, incubation of rat erythrocyte ghosts either with human 
plasma lipoproteins or uith lecithin/steroid dispersions 
resulted in the exchange of cholesta-4-6-diene-3-one, cholest-
4-en-3-one, 7-dehydro-cholesterol, steropherol. However, 
ergosterol could do so to very littl& extent. Bruckdorfer 
et al. (1969) modified the steroid composition of human RBC 
by incubating the RBC uith sonicated dispersions of wide 
range of sterols such as ergosterol, stigmnsterol, prosterol, 
lathosterol and 7-dehydrocholesterol. Flatsuba et al. (1966) 
reported that sterol levels of rat adrenal mitochondria 
could be elevated i_n vitro and Graham and Green (1970) 
showed that unesterified cholesterol of rat liver 
mitochondria can be raised from 0.04 - 0.06 iig to 0.1 - 0.6 yjg/ 
^g PL by incubation uith plasma lipoprotein for 16 hr at 
25 C. Similarly cholesterol levels of liver mitochondrial 
and microsomal fraction could be elevated by feeding 
cholesterol-rich diet to animals such as rabbit and 
cockerells (Uhereat, 1967; Huang and Kako, 1968; Pachori et al.. 
1972; Prasad ejt al. , 1971; Prasad et al. , 1974). 
Effect of exchange of phospholipids and sterols 
on membrane permeability 
Partial replacement of cholesterol in erythrocyte 
membranes uith exogenous sterols such as caprosterol, 
lathosterol etc. increased the osmotic fragility and glycerol 
permeability of RBC (Bruckdorfer at al., 1969). Similarly, 
(23) 
guinea pig erythrocyte uith increased cholesterol/phospholipid 
ratio exhibited a decreased permeability to non-electrolytes 
as uell as decreased active and passive Ma -transport (Kroes 
and Qstwald, 1971). Cholesterol enriched mitochondria 
prepared iji vitro by incubation uith serum lipo-protein 
were more resistant to large amplitude swelling and succinate 
cytochrome-C reductase activity uas considerably increased. 
Prasad et. al. (1971) found that cholesterol-enriched 
mitochondrial fraction of rabbit liver prepared by feeding 
cholesterol to the animal exhibited decreased swelling i£j_ vitro. 
Prasad et al. (1974) demonstrated that liver microsomal 
fraction obtained from hypercholesterolemia rabbit exhibited 
decreased activity of aniline hydroxylase, aminopyrine 
N-demethylase, iMADPH-cytochrome-C reductase and G-6-Pase 
as compared to normal. However, livor mitochondrial 
succinate dehydrogenase did not show any change, and 
cholesterol-enriched RBC prepared from the blood of 
hypercholesterolemia rabbit were found to be resistant to 
osmotic lysis (i\la + K ) ATPase activity was also decreased 
in RBC as compared to normal animals. Bruckdorfer e_t al. (1969) 
demonstrated that replacement of membrane-cholesterol with 
3-keto steroid in human and pig RBC is accompanied by 
marked increase in glycerol permeability whereas 3 /3 -hydroxy 
steroid in the membranes is as potent as cholesterol in 
regulating the flux of glycerol and thus emphasized the role 
of hydroxyl group of sterols in the membrane permeability. 
(24) 
Similarly, cholesterol enrichment of membranes of Acholeplasma 
laidlawii decreased the rate of glycerol permeability 
(De Kruyff et al., 1972). 
In vivo experiments have shown that a certain correlation 
exists between the permeability behaviour and phospholipid 
composition of RBC membranes of various mammalian species 
(Kiigl et. al.. , 1960; De Gier and Van Deenen, 1961). 
Van Deenen et_ al. (1962) attempted to induce defined 
alterations in lipid composition and studied its effect on 
permeability. 
Cerletti et_ al,. (1967) has demonstrated absolute 
requirement of phospholipids for succinic dehydrogenase. 
Effect of exogenous phospholipids and sterols on purified 
(Ma + K ) ATPase has been investigated by many workers 
(Ohinishi and Kawamura, 1964; Uheeler and Uhittam, 1970; 
Kimelberg and Papahadjopoulos, 1972). Kimelberg and 
Papahadjopoulos (1974) demonstrated a specific requirement of 
PS for t.his enzyme. Cholesterol was found to inhibit the 
enzyme from rabbit kidney and this effect was found to be 
more pronounced in the absence of saturated phospholipids than 
unsaturated ones. The role of cholesterol as 'dampening' 
agent in biological membranes has been visualized by 
Papahadjopoulos at al. (1973). 
(25) 
PLAN OF WORK 
It is clear from above literature survey that the 
treatment of isolated membranes with phospholipases and 
modification of their phospholipids and sterol composition 
by incubation ij^  vitro uith exogenous lipids constituents 
has provided useful leads in elucidating certain aspects of 
structure-function relationship. Although the action of 
phospholipase-D has beon studied in some details by several 
workers, yet transphosphatidylation in intact membranes by 
phospholipase-D does not seem to have been studied at all. 
The transfer of phosphatidyl radical to a primary alcohol 
or an alcoholic base is an established activity of 
phospholipase-D in isolated phospholipids and if this reaction 
(transphosphatidylation) could take place in isolated 
membranes in presence of pho3pholipase-D and an exogenously 
added base such as choline, ethanolamine and serine, will 
provide an ideal tool of altering the composition of 
phospholipid bases in membranes and studying the effect of 
such alterations on the activities of membrane-bound enzymes. 
This has, in fact, been attempted in the present dissertation. 
Transphosphatidylation of rat kidney mitochondria and rat RBC 
by partially purified phospholipase-D of cabbage which is 
free from any phospholipase A or C or proteolytic activity, 
has been unequivocally estc?bliohQd. The alterations in the 
composition of phospholipid were found to affect the activities 
of membrane-bound cation-stimulated ATPases. 
(26) 
Although, considerable amount of qualitative work 
on the exchange of phospholipids and sterols in membranes 
has been carried out by various groups of workers, the 
quantitation of this exchange and the effect of the degree 
of exchange on membrane permeability or membrane-bound 
enzymes does not seem to have received sufficient attention. 
An attempt has been m-de in the present dissertation to 
study quantitatively the exchange of exogenous sterols from 
animal, plant and bacterial sources, triterpenoid alcohols 
like^ -e.myrin, lupeol and taraxsrol and phospholipids with rat 
kidney mitochondria and the effect of this exchange on 
membrane morphology and activity of cation-stimulated ATPases. 
CHAPTER I I 
MATERIALS AND METHODS 
(27) 
MATERIALS AND F1ETH0D5 
An ima ls 
Adult male albino rats Charles-Foster strain 
(100 - 150 g body weight) maintained on standard Animal 
House diet were drawn from the stock colony. Rats were 
fasted for 24 hrs before sacrifice. 
Preparntion of kidney mitochondria 
Rats uere killed by decapitation and kidney were 
excised out. The tissues uere immediately placed in an ice 
bath and washed thoroughly with chilled sucrose (0.25 M 
sucrose) solution. The kidney cortex was separated and its 
10 % (w/v) homogsnate was prepared in 0.25 P! sucrose using 
Potter Elevehjem homogenizer fitted with a teflon pestle. 
The homogonates uere filtered through a double layer of 
cheese cloth. All these operations uere carried out 
at 0 - 4 C. 
Crude mitochondrial fracti in was prepared according 
to Schneider and Hogeboom (1950). The crude mitochondrial 
fraction uas washed thrice with 0.25 1*1 sucrose and recentrifuged 
at 9000 x g for 10 min in (IEC) International Refrigerated 
Centrifuge model B-20. The pellet uas finally suspended 
in 0.25 PI sucrose (25 mg protein/ml). Crude mitochondrial 
fraction was purified on sucrose density gradient which 
was prepared by layering the following concentration of 
(28) 
sucrose one above the other: 2.0 ml of 0.75 1*1 sucrose at 
the bottom followed by 1.40 ml of 0.60 M sucrose and 0.20 ml 
of 0.30 F) sucrose. 0.20 ml of crude mitochondrial 
suspension (5 mg protein) was layered on the top of the 
gradient and centrifuged at 39375 x g for 15 min using 
Swinging Bucket rotor 31*1-39 in Beckman preparative 
ultracentrifuge Model - L. The pellet (I) uas washed twice 
in 0.25 Fl sucrose. The upper two layers were decanted 
carefully by pasteur pipette -nd the combined supernatant 
was centrifuged at 105,000 x g for 1 hr (Beckman preparative 
ultracentrifuge model - L). This pellet (II) was washed twice 
with 0.25 Fl sucrose. All the above operations were carried 
out at 0° - 4°C. 
Assay of marker enzymes 
Succinate dehydrogenase (succinate (acceptor) oxidoreductase; 
EC 1.3.99.1) activity was measured by the method of Srikantan 
and Krishna Fiurti (1955). The reaction mixture contained 
1 ml of Fl/15 phosphate buffer (pH 7.0), 0.50 ml of sodium 
succinate (0.1 Fl) , 0.5 ml of triphenyl-tetrazolium chloride 
(TTC; 0.5 % aqueous solution pH 7.0) and 1 ml enzyme source. 
After incubatian at 37°C for 75 min, the formazan formed 
was extracted with a mixture of 6 ml each of glacial 
acetic acid and toluene. The tubes were thoroughly shaken 
and kept overnight in cold. The solvent layer was withdrawn 
into clean dry tubes and absorbancy (O.D.) read at 495 m /j 
in Beckman DU spectrophotometer. One unit of the enzyme 
reduced 1 yuFl of TTC under the assay conditions. 
(29) 
Glucose-6-phosphatase (D-glucose-6-phosphate phosphohydrolase; 
EC 3.1.3.9) activity was determined by the modified method 
of Suanson e_t aJL. (1950). The reaction mixture contained 
glucose-6-phosphate (0.4 JJ^), citrate buffer pH 6.2 (lOO^u moles) 
and 0.2 ml enzyme source. The reaction mixture was incubated 
for 30 min at 30°C. The reaction was terminated by cooling 
the tubes in ice bath nnd adding 0.1 ml 5 % (u/v) bovine 
serum albumin and 2 ml of 10 % (u/v) PCA. The tubes were 
centrifuged at 1000 x g for 10 min and phosphorus in 
supernatant estimated colorimetrically by the method of 
Wagner at. jal. (1962). One unit of the enzyme liberated 
1 ^uM of P. under assay conditions. 
5'-Nucleotidase (5'-ribonucleotide phosphohydrolase; 
EC 3.1.3.5) activity uas assayed by the method of Leon et al. 
(1955). The reaction mixture in a final volume of 1.24 ml 
contained; glycine-NaOH buffer, pH 3.5 (100 ^ uN), HgCl2 
(100 ^ JM) , AMP (3/iFl) , enzyme source and uas incubated at 
37°C for 15 min. The reaction uas terminated by addition 
of TCA to a final concentration of 5 % (u/v). Phosphorus 
(in protein free aliquots) uas estimated colorimetrically, 
as described earlier. One unit of the enzyme activity 
liberated 1 JJN of phosphorus under assay conditions. 
Acid phosphatase (orthophosphoric monoester phosphohydrolase; 
EC 3.1.3.2) activity uas assayed according to Linhardt and 
Walter (1965). The specific activity uas expressed as JJV\ 
of phenolphthalein released/mg protein/hr at 37°C under assay 
conditions. 
(30) 
Electron microscopy 
The samples of membrane pellets uere suspended in 
0.25 M sucrose and examined by negative staining employing 
2 >o potassium phosphotungstate (KPT) and carbon coated 
planchets, or fixed in Caulifield's fixativ/e for 1 hr at 
4 C, dehydrated in graded series of alcohol and embedded 
in a mixture of Araldite and epon. Ultrathin sections uere 
cut on LK8 ultramicrotome-III using glass knives and picked 
up on uncoated grids. The ultrathin sections uere examined in 
Hitachi Electron Microscope HU11E after staining uith uranyl 
acetate and lead acetate at an accelerating voltage of 75 KV. 
Magnification of 24000 x uas employed for in negative stained 
preparations and 14300 x in case of ultrathin sections. 
Preparation of RBC suspension 
Blood uas collected from tail vein of rats using 
sodium citrate as an anticoagulant. Pooled blood uas 
centrifuged at 3000 rpm for 10 min and the buffy coat along 
uith plasma uas removed uith the help of a pasteur pipette. 
The erythrocyte pellet uas uashed thrice uith normal saline 
buffered uith 1 mM phosphate buffer (pH 7.2) and suspended 
in the same medium. Packed cell volume (PCU) was determined 
uith the help of ESR (erythrocyte sedimentation rate) tubes 
by ccntrifuging it at 3000 rpm for 45 min. Suspension uas 
diluted uith 0.39 > saline (normal saline) to 10 % RBC 
concentration and uas used as such in all experiments. 
(31) 
Preparation of radioactive mitochondrial fraction 
14 32 
C- and P-labelled kidney mitochondrial fraction 
32 
uas prepared by injecting intraperitonially P. or 
14 
2- C-acetate to rats. The animals killed after 3 hrs 
and kidney mitochondrial fraction prepared as described earlier. 
Preparation of radioactive phospholipids and sterols 
32 
P-labellod phospholipids were prepared by inject ing 
32 
P, (90xuCi/l00 - 150 g body ueight) intraperitonially to 
sevenl rets maintained on standard diet of the Institute. 
32 3 hrs after P. adminstmtion, the animals uere killed by 
decapitation, their livers excised out and pooled and 
10 % (u/v) homogenate prepared in normal saline; the lipids 
uere extracted according to Folch et al. (1957). Preparative 
TLC of the lipids uas carried out as described elseuhera. 
Individual phospholipids zones of PC, PS, PE and PA uere 
identified by simultaneously run authentic samples. Silica 
gel scrapings uere first eluted uith methanol and then 
uith methanol-acetic acid-uater (95:1:5 v/v), combined 
eluates uere concentrated. Total lipid P and radioactivity 
in each fraction uas assayed as described elsewhere for 
calcula t ing speci f ic ac t i v i t y which uas about 6.8 x 10 CPFl/^N 
l ip id P in each f rac t ion . 
14 14 
C-cholesterol uns prepared by injecting 2- C-acetate 
(BO^Ci/100 - 150 g body weights) intraperitoninlly to rats. 
Liver lipids uere prepared as described above and cholesterol 
fraction is obtained by preparative TLC (silica Gel-G) as 
(32) 
described elsewhere. Cholesterol zone on TLC corresponding 
to authentic samples was eluted from silica gel scrapings by 
chloroform-methanol (4:1 v/v) at 40 C under constant shaking. 
C-ergosterol was prepared by fractionating C-chlorella 
lipids on preparative TLC. Specific activity in cholesterol 
A 
and e r g o s t e r o l was found t o be 5.5 x 10 CPM/^ juH and 
1,2 x 105 CPiy^N r e s p e c t i v e l y . 
P repa ra t ion of son ica t ed d i s p e r s i o n s of l i p i d s 
32 
Appropriate amounts of PC, PS, PE, PA, ( P-labelled), /14 \ n PPL, cholesterol and ergosterol ( C), p -sitosterol and 
lanosterol, f3 -amyrin, lupeol and taraxerol were dissolved 
in minimum quantity of chloroform and added to 10.0 ml 
Tris-HCl buffer (pH 7.4) under constant N bubbling. Clear 
dispersions of the lipids were centrifuged at 13000 rpm for 
o o 10 min and the supernatcnts were stored at 0 - 4 C and were 
used within 3 - 4 days of preparation. 
Preparation of phospholipase-D and its assay 
Phospholipase-D was prepared from cabbage according to 
the method of Yang ejt aJL.. (1967). The inner light green 
leaves of cabbage (about 200 g) were homogenized in 300 ml 
water (pH 6.5) in warring blender for 5 min. The hornogenate 
was filtered through cheese cloth and centrifuged at 13000 rpm 
for 30 min to give an almost clear supernatant which was then 
kept at 55 C for 5 min, rapidly cooled at 0 C and centrifuged 
at 13000 rpm for 10 min. The sediment was discarded and the 
2 vols of chilled acetone were slowly added to the supernatant 
(33) 
in such a uay that the temperature did not rise above 4°- 6°C. 
The precipitate which contained most of the enzyme activity 
uas centrifuged at 11000 x g for 15 min and the pellet 
dissolved in deionised uater. Insoluble material was 
remo-'ed by centrifugation at 13000 x g for 10 min in 
International Refrigerated Centrifuge model B-20 and the 
supernatant uns used as such as source of phospholip">se-D. 
The activity of this preparation uas fairly stable for 
7 days at 0°C. 
Phospholipase-D activity uas assayed according to 
Davidson and Long (1958). Incubation mixture consisted of 
10 u moles of egg, lecithin, 0.75 ml of 0.2 M acetate buffer 
(pH 5.6), fl.15 ml of 1 PI CaCl2 and 0.2 ml of enzyme 
preparation (about 0.50 mg protein). 0.50 ml of ether uas 
added and the mixture uas shaken and incubated for 10 min 
at 25°C. The reaction uas stopoed by addition of 0.50 ml 
of 1 M PCA and most of the ether uas removed by blouing stream 
of f\L. The mixture uas diluted uith 2.5 ml of methanol 
n^d chloroform aach and shaken. After 10 min, 2.5 ml 
chloroform and 2.5 ml uater uere added and the mixture 
shaken once again. The reaction tubes uere centrifuged 
to separate the phases. 1.0 ml aliquot of upner methanol: 
uater phase uas removed and the amount of choline released 
uas determined according to the method of Appleton et_ rrl. (1953). 
Iodide reagent ua3 prepared by dissolving 20 g Kl and 
15.7 g I„ in 100 ml water and ua3 stored at room temperature. 
(34) 
0.2 ml of iodide reagent uas added to the aliquot from 
methanolruater phase, mixed thoroughly, kept in ice for 20 min 
and centrifuged at 0°C for 15 min at 500 x g. Precipitate of 
choline-iodide formed uas obtained as a pellet uhich uas 
dissolved in 10 ml of ethylene dichloride (previously washed 
uith 2 M potassium carbonate). Colour intensity uas read 
at 365 m u. Control without lecithin uas run simultaneously, 
One unit of the enzyme hydrolysed 1 ^ u mole of phosphatidyl-
choline in 1 hr at 25°C. Specific activity uas expressed as 
units/mg protein/hr at 25°C. 
Treatment uith phospholipase-D 
(A) Rat kidney mitochondrial fraction 
Incubation mixture consisted of 5 units of phospholipase-D; 
mitochondrial suspension (specified for each experiment); 
IOQ^LIM of CaCl ; 0.2 ft acetate buffer (pH 5.6), Pinal volume 
made upto 10 ml uith 0.25 P-1 sucrose and incubated for specific 
period (15 and 60 min). Final concentration of sucrose in 
the incubation system uas 0.25 M. 
(B) RBC suspension 
1 unit of phospholipase-D uas added/mg protein of 
RBC suspension along uith other ingradients as in case of 
mitochondrial fraction. Final concentration of the medium 
uas isotonic uith 0.89 % saline (normal saline). 
The reaction uas stopped by centrifugation at 14000 rpm 
for 10 min in case of the mitochondrial system and 5000 rpm 
for 10 min in case of RBC system. Aliquots of supernatants 
uere freeze-dried. 
(35) 
Lipid extraction 
The lipids uere extracted from the freeze dried 
supernatnnts as uell as phospholipose-D treated membrane 
pellets of RBC or mitochondrial fraction according to 
Folch et al. (1957). The lipid samples uere stored under 
N at 4°C. 
Analysis of lipids by thin layer chromatography 
The lipid samples (200 - 300 ^ug lipid) dissolved in 
chloroform uere applied with the help of a micropipette 
onto glass plates coated uith 0.5 mm thick silica gel-G 
(containing 15 ;i CaSO^.1/2 HL0 as binder). The plates uere 
activated immediately before use at 110°C for one hour. 
The plates uere first developed uith an ascending flow of 
acetone:benzene (4:6 v/v) uhereby the neutral lipid moved 
along uith the solvent front and the phospholipid remained 
at the origin. The plates uere dried and redeveloped in 
ascending flou of chloroform:methanol:uater (65:25:4 v/v). 
The spots of phospholipids resolved uere detected by exposure 
to l? vapours or by spraying uith Dittermer's and Lester's 
reagent (Vaskovsky and Kostetosky, 1963). Amino acid 
containing lipids uere detected uith 0.4 % ninhydrin in 
acetone:lutidine (9:1 v/v), choline containing lipids uere 
detected uith Dragendroff's reagent (1961). Under the 
conditions employed in the present study, lysolecithin, 
lecithin, cephalin (phosphatidyl-ethanolamine and phosphatidyl-
serine) and cardiolipin uere resolved into distinct spots. 
(36) 
Cereberoside, phosphatidic acid and inositol containing 
phospholipids could not be resolved. Phosphatidyl-
ethanolamine and sphingomyelin did not separate in the 
present solvent system and hence the spot corresponding to 
phosphatidyl-ethanolamine included both the phospholipids. 
It uas also not possible to resolve choline, ethanolamine 
and serine containing plasmalogens. 
For resolution of cholesterol, the TLC plates were 
developed in petroleum ether:ether:acetic acid (90:10:1 v/v). 
In this system, both free and esterified cholesterol were 
distinctly resolved. Identificabion was carried out by 
simultaneous comparison with authentic samples of phospholipids 
and cholesterol procured from Nutritional Biochem. Ltd., 
Ohio (USA) and V.P. Chest Institute, Neu Delhi. 
Estimation of phospholipids and cholesterol 
I - stained spots on TLC plates were marked by fine 
glass marking pencil on the uncoated side of the plate and 
o 
uere kept at BO C to remove iodine vapours. The zones 
corresponding to the spots uere scraped by a sharp spatula 
and the scraped materials uere directly digested with 1.0 ml 
of 70 \l PCA at 130 + 5°C for 2 hrs in glass tube. Blanks 
with corresponding amount of silica gel, a reagent blank 
and standard samples of KH PQ (4 jug phosphorus) uere also 
run simultaneously. Phosphorus in the digests uas estimated 
according to Uagner e_t a_l. (1962). Using 10 % ascorbic 
acid and 2.5
 ti amnonium molybdate for colour development; 
(37) 
the intensity of the colour uas read in a photoelectric 
colorimeter (Klett Summerson) using red filter. 
The TLC scrappings corresponding to cholesterol was 
eluted uith chlorofTrm:methanol (4:1 v/v), the eluates 
were concentrated to dryness and cholesterol estimated 
according to Madntyre and Ralston's (1954). 
Identification and estimation of phospholipid 
bases in the medium 
Presence of choline, ethanolamine and serine in the 
supernatants of phospholipase-D digests of rat kidney 
mitochondrial fraction and RBC uere detected by paper 
chromatography in but mol:acetic acid:uater (4:1 v/v) 
employing ninhydrin and Dragendroff's reagents far the 
detection. Standard samples of the bases uere simultaneously 
run. Choline was also directly estimated in the suparnatant 
as mentioned earlier uhile ethanolamine and serine uere 
detected only qualitatively. 
Tran3pho3phatldylation 
Trmsphosphatidylation was carried out according to 
Yang et_ al_. (1967). Aliquots of mitochondrial fraction or 
RBC suspension uere incubated uith phospholipase-D along 
uith choline or ethanolamine or serine (final concentration 
4 % (u/v), (pH adjusted to 5.6) for specific p riods. 
The reaction mixture uos the same as for phospholipase-D 
treatment. The reaction uas stopped by centrifugation and 
pellets thus obtained uer^ e assayed for lipids and enzymes. 
\ <• 
(38) 
Tran3phosphatidylation with labelled L-serine- C (specific 
activity 60 ml^ i/m mols) was also carried out as described above. 
Reconstitution of phospholipase-D treated membranes 
Mitochondrial pellets pretreated uith phospholipnse-D 
were incubated uith sonicated dispersions of lipids (10 ud) 
for 1-^  hr at 30 C in metabolic shaker. The pellets obtained 
after centrifugation were assayed for cation stimulated 
ATPase3. 
In vitro swelling of mitochondria 
In vitro swelling was studied according to Lehninger 
(1959). The swelling medium consisted of 0.15 R KC1 + 20 ml*l 
Tris-HCl buffer, pH 7.4. Untreated as well as phospholipase-D 
treated mitochondria in 0.25 f'> sucrose (about 2 rng protein) 
were added to 3.0 ml of above mentioned medium. After 
adding mitochondria, 0.0. was recorded at 540 m/j in 
Beckman DU spectrophotometer at 0 min and after incubation 
for 30 min at 30°C. Percentage decrease in the O.D. was 
taken as dir.ct measure of percentage swelling. 
Assay of cation stimulated ATPases 
It was carried out according to the method of Post 
and Sen (1957). Assay system for total ATPase consisted of 
1.0 ml, 4.5 ml Na2ATP, 7.5 mM FlgCl2, 1.5 N NaCl, 0.3 PI KC1, 
7.5 mM CaCl and 30 mM imidizole-glycylglycine buffer, in a 
final volume of 1.50 ml. T1g+2 - ATPase and Ca*2 - ATPase 
+ 2 +2 
were assayed in the presence of Fig and Ca only. Enzyme 
(39) 
source varied between 0.10 to 0.20 ml. The reaction system 
uas incubated for 20 min at 37°C. Controls uere run 
simultaneously. Reaction uas stopned by immersing the 
tube in ice bath for several minutes. 2.5 ml of 0.43 l*l 
PCA (60 ,i) uas added to cooled mixture which uas then filtered. 
Inorganic phosphorus released u,.s estimated in aliquots of 
the filtrate according to method of Uagner e_t aJ.. (1962). 
The specific activity uas expressed as uFI P^  released/mg 
protein/15 rnin at 37°C. 
Ca*+ - binding 
A^\ tin J-
Ca - binding studies were carried out by incubating 
mitochondrial fraction uith phospholipase-D in the presence 
A C .fcr O 
of Ca (40 mmole) along uith all other enzyme ingrdients 
as described earlier. Radioactivity in protein, lipid and 
phospholipid fractions uas counted in scintilation fluid 
as described earlier in Packard Liquid Scintillation Counter. 
The efficiency of the counter uas 90 ;i. 
Haemolysis of R3C 
Total haemolysis of RBC urs carried out by adding RBC 
suspamion (3 mq protein) to 10 ml of double (glass) distilled 
water and incubating at 0 - 4 C for 20 min. The suspension 
uas finally centrifuged at 3000 rpm for 10 min. The O.D. 
of the supernatant uas read at 525 m^u (Green filter) in 
Bijou Calorimeter and uas taken as a measure of 100 )i 
haemolysis. The amount of haemoglobin released from RBC 
into the medium by incubation uith phospholipase-D uas 
taken as a measure of haemolysis. 
(40) 
Assay of acetylcholine esterase activity in RBC 
Acetylcholine esterase wns assayed according to 
Hestrin (1949). The incubation system contained acetylcholine 
1 ml (D.QD4 Pi), 1 ml of .Fl/15 phosphate buffer (pH 7.2). 
Enzyme sources varied between 0.1 ml to 0.3 ml. The reaction 
uas incubated at 37 C for 1 hr and the reaction stopped 
by adding 2 ml of alkaline hydroxylamine followed by 
addition of HC1 (diluted) nnd ''eCl,, solution 1.0 ml each. 
The colour developed uas read in Bijou Colourimeter using 
green filter. The specific activity of the enzyme uas 
expressed as JJM acetyl choline degraded/mg protein/hr 
at 37°C. 
PA-phosphatase in RBC 
The enzyme uas assayed according to Hokin and Hokin 
(1961). The incubation system contained RBC (9 mg protein), 
phosphatidic acid 0.002 Pi, Mg+ concentration 0.3 meq/L 
and imidizole-histidine buffer (0.003 W) at pH 7.1 in a 
final volume of 1.0 ml (all values expressed in final 
concentration) and incubated at 30 C for 1 hr. After 
incubation 10 ,> (u/v) bovine serum albumin uas added to 
the incubation system followed by addition of 1.0 ml 
10 ',!> (u/v) TCA. After centrifugation, TCA extract uas 
washed with dry ether and inorganic phosphorus uas 
estimated as usual. Blanks for endogenous PA-phosphatase 
were simultaneously run. Specific activity of ths enzyme 
was expressed as ^f'l P. relea3ed/mg protein/hr at 37 C. 
(41) 
Protein estimation 
Protein estimation was carried out according to 
Loury e_t al.. (1951). 
EXCHANGE GF PHOSPHOLIPIDS, STLRDLS AND OTHER LIPIDS 
Mitochondrial suspension (4.5 mg protein) was incubated 
14 32 
separately with known 3mounts of C, or P-labelled or 
unlabelled, sonicated dispersions of phospholipids, sterols or 
triterpenoids at 30°C for 90 min in metabolic shaker. The 
incubation medium was isotonic and equivalent to 0.25 M 
sucrose. After incubation, the mixture was centrifuged at 
13000 rpm for 10 min in IEC International refrigerated centrifuge; 
the mitochondrial pellet uas washed thrice with 0.25 M sucrose. 
Aliquots of lipid extracts were assayed for radioactivity, as 
described elsewhere. The supernatants were freeze-dried 
and their lipid extracted. The lipids were analyzed by TLC 
and the TLC scrapnings of individual lipid fraction were 
directly transferred to counting vials and the radioactivity 
assayed. Simultaneous control incubations of mitochondrial 
fraction in the medium in absence of exogenous lipids were 
also run. 
The rad ioac t iv i ty was assayed in the membrane p e l l e t s , 
extracted l i p id and TCA-insoluble prote in . Appropriate 
quan t i t i e s of l i p id s were d i rec t ly added to tne v i a l s . The 
TCA-precipitable protein were dissolved in 1 M NaOH. 
(42) 
Aliquots of membrane suspension or protein digests were 
spotted on 3 x 2 cm Uhatman No. 1 3 mm strips and dried 
under infra red lamp. The dried strips were dipped in 
10 ml of non-aqueous scintillation fluid (consisting of 
phenyl phenyl oxazole (PPO 0.4 %) and 1,4,bis, 2-(5-phenyl 
oxaozolyl) benzene (P0P0P, 0.01 /o) dissolved in freshly 
distilled toluene) in glass vials of lou Dotassium contents. 
The validity af the counting procedure has been established 
by Hadi nnd Krishna Plurti (1967). Radioactivity counting 
of all the samples uas carried out in Packard Tri-Carb 
Liquid Scintillation Spectrometer model 3330. 
Chemicals used 
3 2P i (0.81 mCi/ml as 32P-orthophosphoric acid in 
\ 14 / / \ 14 
dilute HC1;, 2- C-acetate (27 mCi/mmole;, C-chlorella lipid 
extract (30 mCi/atom C), calcium-45 as calcium chloride in 
dilute HC1 solution (30 mCi/gm.Ca) and L-serine- C (60 mCi/mmo 
uere purchased from Isotope Division, Bhabha Atomic Research 
Centre, Trombay, Bombay, India. Ergosterol, ^ -sitosterol, 
/3-amyrin, taraxerol and lupeool uere kind gifts from 
Dr. 3.K. Nigam, National Botanic Gardens, Lucknou, U.P.; 
ATP disodium salt »nd phospholipids uere purchased from 
Nutritional Biochemicals Corporation, Cleveland, Ohio (U5A). 
All phospholipids uere chromatographi^ally s ingle spot. 
Cholesterol uas purchased from V.P. Chest I n s t i t u t e , Meu Delhi, 
and purified to single spot. 
CHAPTER III 
RESULTS AMD DISCUSSION 
(43) 
RESULTS AMD DISCUS3IQN 
PURITY OF THE MITOCHONDRIAL FRACTION 
Distribution of marker enzymes 
Table 1 records the distribution of marker enzymes 
in Pellet I and II obtained from crude mitochondrial fraction 
of rat kidney. 36 % of succinate dehydrogenase activity of 
the total homogenate uas recovered in pellet-I (the purified 
mitochondrial fraction sedimented at 39375 x g) and none 
in pellet-II (tubular fraction sedimented at 105,000 x g), 
presumably 14 % of the enzyme activity uas lost during 
fractionation. Only 0.5 )l of glucose-6-phosphatase activity 
of total homogenate uas recovered in pellet-I and 2.3 ,s in 
pellet-II. 1.1 ia of 5'-nucleotidase activity of the total 
homogenate uas found in pellet-I and 1.26 % in pellet-II. 
About 5 % of acid phosphatase activity of total homogenate 
uas detected in pellet-I and 77 /a in pellet-II. Specific 
activity of succinic dehydrogenase uas increased by about 
10-folds in pellet-I and none in pellet-II. On the other hand, 
specific activities of glucose-6-phosphatase, 5'-nucleotidase 
and acid phosphatase uere reduced by 9B, 93 and 97 fold 
respectively in pellet-I as compared to total homogenate. 
Thus the assay of marker enzymes shous that other 
subcellular contaminants such as plasma membrane, lysosomes, 
(44) 
microsomes mere virtually absent in the pellet-I (purified 
mitochondrial fraction). The assay of aforesaid raarker 
enzymes in pellet-II shous that it uas virtually free of 
mitochondria as no activity of succinic dehydrogenase uas 
detected. However, it contained 77 % of the acid phosphatase 
activity, indicating thereby, that pellet-II consisted 
predominantly of lysosomes and renal tubular fragments. 
Electron microscopy 
Electron microscopic examination of pellet-II revealed 
that it predominantly contained tubules of different lengths 
and 3hapes. Hardly any mitochondrion uas visible in the 
micrograph (Fig. 2). This is in concurrence uith the fact 
that no succinate dehydrogenase activity uas detected in 
pellet-II. On the contrary, electron microscopic 
examination of negatively stained pellet-I (Fig. 3) and 
its ultrathin section (Fig. 4) revealed that preparation 
consisted of mitochondria uithout any contamination of 
submitochondrial and non-mitochondrial origin. Host of 
the mitochondria observed in ultrathin section of pellet-I 
uere oval in shape and their length varied from 4 ^ju to 6 p. 
There uas large variation in the mitochondrial matrix uhich 
uas large and electron-lucent. The cri3tae uere tubular 
and varied immensely in their number. It is evident from 
the above that mitochondrial fraction of rat kidney employed 
in the present studies is pure and the mitochondria are 
morphologically intact. 
(45) 
Lipid composition 
Table 2 record3 the percentage recovery of the 
various lipid constituents in pellet-I and II of the 
crude mitochondrial fraction. Pellet-I which is the 
purified mitochondrial fraction contained 9 ,o lipid, 
10.4 % lipid phosphorus and 1.2 >i cholesterol of the 
total homogenate. On the other hand, pellet-II contained 
3 ;£ lipid, 4.8 ,L lipid phosphorus and 0.7 >i> cholesterol of 
the total homogenate. 
Reference to the results recorded in Table 3 shows that 
in the purified mitochondrial fraction (pellet-I) PC, PE and CL 
are quantitatively the major phospholipids (present 
approximately in ratio of 2.5:2:1 respectively). Acidic 
phospholipids P3 and PA were present in less quantities. 
Cereberosides uere not detected. In the tubular fraction, 
PE and SM were the predominant phospholipid species. 
However, the tubular fraction was rich in acidic phospholipids 
PS and PA. Free and esterified cholesterol were present 
approximately in equal quantities in both the fractions. 
Fig. 2. Electron micrograph of the tubulnr fraction present 
in the supernatant of pure mitochondrial pellet, 
negatively stained with potassium phosphotungstate 
magnification x 24,000. 
Fig. 3. Electron micrograph of purified mitochondrial fraction 
obtained at 39375 x g, negatively stained with 
potassium phosphotungstate, magnification x 24,000. 
Fig. 2 
Fig.3 
Fig. 4. Electron micrograph of the ultrathin section of the 
pure mitochondrial pellet, stained with lend 
citrate and uranyl acetate, magnification x 14,300. 
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Table 3 - Lipid composition of pellet - I 
(purified mitochondrial fraction) 
and pellet - II (tubular fraction). 
* 
Lipid const i tuents 
( juH/mg mitochondrial p ro te in ) 1 Pel le t - I Pel let - II 
Total l i p id P 
Lysolecithin 
Phosphatidylcholine 
Phosphatidylcthanolamina 
+ sphingomyelin 
Phosphatidyl-serine 
Phosphatidic acid 
Cardiolipin 
Total cholesterol 
Free cholesterol 
Esterifi8d cholesterol 
0.99 + 0.012 
0.293+ 0.009 
0.236-1; 0.009 
0.061+ 0.005 
0.076+ 0.003 
0.120+ 0.012 
0.045+ 0.003 
0.020+ 0.025 
0.022+ 0.002 
0 .97 + 0 .020 
0 .21 + 0 . 0 1 3 
0 .10 + 0 .015 
0 .32 + 0 .030 
0.13 + 0.030 
0.19 + 0.040 
0.02 + 0.004 
0.041+ 0.002 
0.016+ 0.002 
0.019+ 0.001 
* Values are mean uith S.D. (five experiments uith three rats 
each). 
SECTION - I 
ACTION OF PH0SPH0LIPA5E-D 
(46) 
SECTION-I 
ACTION OF PH'JSPHOLIPASE-D 
A. On mitochondrial fraction of rat kidney 
(i) Hydrolysis of membrane-bound lipids 
The results of Table 4 show that incubation of 
mitochondiial fraction uith phospholipase-D resulted in 
hydrolysis of membrane-bound PC, PE, PS and CL. However, 
51*1 uas not hydrolyzed. Quantitatively, the hydrolysis of 
membrane-bound phospholipids by phospholip^se-D uas in 
the following order: PC > PE > PS > CL. Despite the 
hydrolysis of the membrane-bound phospholipids by 
phospholipase-D, there uas no change in total lipid P values 
of the mitochondrial fraction and the concentration of PA 
increased in the phospholipase-D digested mitochondrial 
fraction and quantitatively this corresponded to the 
amount of phospholipids hydrolyzed. limultaneous uith 
the hydrolysis of membrane-bound phospholipids, the 
concentration of cholesterol in the enzyme treated 
mitochondrial fraction declined by 20 /* and 40 ;i after 
15 min and 60 min of incubation respectively. The 
pattern of degradation of phospholipids remained more or 
less the same even uhen the incubation period uas prolonged 
to 60 min. 
(47) 
Table 5 shows that lipid P and PA were not detected 
in the medium. Cholesterol released from the membrane was 
quantitatively recovered into the medium. It is clear 
tnat the PA resulting from the hydrolysis of membrane 
phospholipids remains bound to the mitochondrial membranes. 
The amount of choline released into the medium was almost 
equal to the amount of PC hydrolyzed, however, ethanolamine 
nnd serine released were not estimated quantitatively but 
were detected only qualitatively. Simultaneously, same 
protein was also released from the membrane into the medium. 
(ii) Effect of phospholioase-D on mitochondrial 
swelling iji vitro 
Fig. 5 shows that there was a significant rise in 
in. vitro swelling of the mitochondrial fraction during 
first 15 min of incubation with phospholipase-D (as evidenced 
by reduction in O.D. at 520 m u). However, after 15 min, 
O.D. registered an increase (which is expressed as decrease 
in ,'•> reduction in Fig. 5) and at 60 min the O.D. of the 
phospholipase-D treated mitochondrial suspension was in fact 
more than that of untreated suspension vindicating thereby, 
that after 15 min of initial swelling, the mitochondria have 
contracted or ruptured. The increase in swelling during 
15 min was presumably due to the fact that the release 
of cholesterol from the membranes resulted in loose packing 
of lipophyllic fatty acid chains in the membranes. 
(48) 
(iii) Partial inactivatlon of membrane-bound ATPases 
Table S shows the partial inactivatlon of membrane-
bound ATPases. Quantitatively, (i\la + K ) ATPases was 
inactivated to the maximum extent (85 '/*) followed by 
+2 +2 
Ca - ATPase and Fig - ATPase 27 % and 10 % respectively. 
(iv) Effect of reconstitutjon with exogenous lipids 
Table 7 shows the effect of recon3titution of 
phospholipase-D degraded mitochondria with PC, PS and 
cholesterol on the activities of membrane-bound ATPases. 
(Na + K'; ATPase activity was restored by 15 ,> and 20 % 
+ o 
with PC and P3 respectively. Ca - ATPase was not restored 
by either of the phospholipids. Reconstitution of the 
phospholipase-D treated membranes with cholesterol failed 
to restore the activity of any of the ATPases. The 
observed inactivation of membrane-bound ATPases 
simultaneous with the hydrolysis of membrane-bound phospholipids 
indicated that at least 3ome of the phospholipid species 
l i k e PC, PE and PS are involved in the maintenance of 
active conformation of these membrane-bound enzymes of 
mitochondria. 
(v) Transphosphatidylatlon 
Table 3 shows that in presence of choline, ethanolamine 
or serine and phospholipase-D trrnsphosphatidylation of 
phospholipids PC, PS and PE can take place in intact 
membranes. This is further confirmed by carrying out 
(49) 
14 
transphosphatidylation in the presence of C-labelled serine 
(Table 9). Incubation of mitochondrial fraction with 
14 pho3pholipas8-D and C-labelled serine resulted in 
considerable incorporation of radioactivity in the 
mitochondrial fraction. 71.5 % of the total radioactive 
incorporation was in the mitochondrial lipids wherein PS 
accounted for most of the radioactivity. Quantitatively, 
th8 incorporation of serine into phosphatidyl serine 
corresponded to 0.006JJFI PS. 
Table 10 shows the effect of transphosphatidylation 
on (Na + K ) ATPase activity. It is clear that 
transphosphatidylation with choline and ethanolamine 
decreased (Na + K ) ATPase activity while with serine 
increased the (Na + K ) ATPase activity. 
Transphosphatidylation in isolated phospholipids 
such as PC, PE and PS in the presence of phospholipase-D 
and added bass3 such as choline, ethanolamine and serine 
and other primary alcohols serving as acceptors of 
phosphatidyl group has been reported earlier (Yang _et. a.l. , 
1967; Dawson, 1967) but it has not been reported to occur 
in the lipids of intact membranes of animals either ijn vitro 
or in vivo. From the foregoing results, it is clear that the 
reaction can occur in isolated mitochondria in. vitro. As 
a result of transphosphatidylation, in presence of choline 
and ethanolamine, the membrane is enriched with respect to PC 
and PE with simultaneous decrease in the activity of (Na+ + K+) 
(50) 
ATPase while during transphosphatldylation in the presence 
of serine the membrane is enriches' with P5 and (i\la + K ) ATPase 
activity is increased. 
(vi) Ca -binding uith phospholipase-Q trsated mitochondria 
Table 11 shows that treatment of mitochondrial 
preparation with phospholipoase-D leads to increase in binding 
45 +2 
of Ca with membranes which continues upto 20 min of 
incubation, after which there is no significant increase in 
Ca binding as seen by radioactive incorporation in the 
mitochondrial suspension. 
After treatment of the mitochondrial fraction with 
phospholipase-D for 60 min, 72.3 % of total incorporation 
was recorded in the mitochondrial lipids and 22.6 % in the 
mitochondrial protein while the corresponding incorporation 
of radioactivity in untreated fraction was 62 yd in the 
mitochondrial protein nnd 36.3 % in mitochondrial lipids 
(Table 12). 
It is clear from Table 13 that most of the 4 5C a + 2 
incorporated in the mitochondrial lipids was bound to PA, 
incorporation in PC, P3, PE and CL was almost insignificant. 
45 +2 Increa38d Ca incorporation in protein fraction of 
mitochondrial fraction is perhaps due to unmasking of 
Ca binding sites in membrane proteins, while the 
45 +2 incorporation in lipic'3 is mainly due to binding of Ca 
with PA. 
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Fig. 5. Effect of phospholipase-D on mitochondrial swelling 
in vitro. 
0 — O Treated with phospholipase-D 
• — • Control 
About 2 mg mitochondrial protein was added to 3 ml 
aliquots of smelling medium and incubated for 
3D min. O.D. was recorded before and after 
incubation at 520 m JJ. Percentage decrease in 
O.D. was taken as a measure of percentage 
swelling. 
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Table 6 - Partial inactivation of membrane-bound 
ATPoses after pho3pholipase-D treatment 
Enzymes I n a c t i v a t i o n 
T o t a l ATPase 2 6 + 2 
+2 
Mg - ATPase 
Ca - ATPase 
(Na+ + K+) - ATPast 
10 + 3 
27 + 2 
85 + 4 
Incubation conditions uere the same as in 
Table 4. Incubation period was 15 min. 
Values expressed are mean with S.D. (five 
identical assays). 
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Table 10 - Effect of iji vitro transphosphatidylation 
on membrane-bound (Na* + «+) ATPase in 
mitochindrial fraction. 
Bases added 
Inactivation 
or 
activation {%) 
Choline 
Ethanolamine 
Serine 
16.20 (-) 
14.30 (-) 
12.00 (+) 
(-) denotes inactivation and (+) denotes activation 
Table 11 - 45 +2 
Ca - binding uith mitochondrial 
friction treated uith phospholipass-D+ 
Incubation uith 
phospholioase-D 
(min.) 
, CPH/mg 
t Mitochondrial protein 
10 
7 80 
5772 
20 9980 
40 
60 
10900 
11233 
Incubation conditions for Ca - binding 
usre the same as in Table 4. 
en 
c 
o 
• H 
- P 
U 
CO 
M 
tt-
c 
• H 
CD 
- P 
O 
M 
a 
T> 
C 
a 
• a 
• H 
Q. 
• H 
• H 
c 
• 
C 
o 
• H 
- P 
O 
ca 
u 
<*~ 
r-i 
CO 
• H 
f-i 
TD 
C 
o 
X 
u 
o 
- p 
• H 
E 
TD 
0) 
•H -P 
+ 
+ co 
CJ 
in 
<t 
Cl_ 
o 
c 
n 
• H 
• P 
3 
X ! 
* H 
t-i 
- P 
CO 
• H 
CO 
CO 
(-1 
- p 
o 
1 
Q 
CD 
CO 
a 
•fH 
r H 
O 
£ 
Q. 
03 
O 
sz 
a. 
Cl_ 
a o 
CN 
CD 
XI 
CO 
c 
c c c 
c 
- p CD (0 4-> 
CO - P - P 
M O O 
O (-< - P 
a a 
o c o 
^ c 
c c 
O P 
•rH CO <H ' H 
+ ) t ) C+) 
CO 
(-1 
o 
a. 
(-4 
o 
a 
c 
•H 
CO «H -P 
h a o 
0 > H -P 
Q..H 
f-< C l _ 
O C O 
U - H 
C \;% 
c 
• M 
CD 
• P 
O 
n 
a 
c 
o 
• H 
- P 
• H CO 
CO f-i 
•P O 
o ci n 
t— f-i E 
o \ 
o E: 
c a 
•H CJ 
-P 
C 
o 
E 
- P 
CO 
CD 
f-t 
in 
to 
in 
CM 
O 
CM 
lO 
CM 
CM 
to 
CM 
o 
a 
CM 
a 
l 1 
CD 
03 
<-4 CO 
O Q. 
U -H 
-P iH 
C O 
O XT 
u a 
CO 
o 
x: 
O. 
o 
•z. 
v _ * 
+ Q 
1 
CD 
to 
CO 
a 
• H 
<-i 
a 
x: 
Q . 
CO 
O 
x: Q . 
"D 
CD 
• P 
CO 
X ) 
3 
a 
c 
•i-i 
T3 
C 
rw 
f-i 
03 
• H 
r H 
M 
a 
o 
X I 
C3 
X I 
• H 
C-i 
U 
CO 
CD 
•a 
CO 
CO 
CD 
E 
CO 
CO 
03 
CO 
3 
CD 
F-i 
3 
• P 
X 
•ri 
E 
C 
o 
• H 
- P 
CO 
X ! 
3 
O 
c 
1—1 
• 
c 
• H 
E 
C3 
VO 
(-i 
o 
«l_ 
• 
c 
o 
• H 
- P 
u 
CD 
(H 
CD 
x: 
-P 
O 
cn 
c 
•M 
r-
c 
•M 
cn 
CD 
X I 
CD 
x: 
-P 
c 
• H 
"a 
CD 
-a 
"O CO 
y~^ 
s: 
» 
o 
•sf 
v^>* 
CM 
•-H 
U 
CO 
u 
in 
st 
AS + + Table 13 - D i s t r i b u t i o n o f Ca i n va r ious 
phospho l ip id f r a c t i o n s . 
! 
D K „ 0 n ^ i ! n , ^ » % ° f t o t a l i n c o r p o r a t i o n 
Phosphol ip id
 i n u l d ( a f t e r 2 0 m i n 
f r a c t i o n s | i ncuba t i on ) 
t 
PC 2 . 5 
PE 3 .7 
P5 7 . 5 
PA 7 8 . 0 
« 
CL 3 .8 
Mi tochond r i a l p e l l e t p re t rea ted w i t h 
phosphol ipase-D as descr ibed e a r l i e r , were 
ex t rac ted f o r l i p i d . The l i p i d s uere 
f r a c t i o n a t e d by TLC; s i l i c a ge l con ta in ing 
the phospho l ip id spots uas d i r e c t l y 
t r a n s f e r r e d i n t o the v i a l s f o r the count ing 
af r a d i o a c t i v i t y as descr ibed i n ffiethodolog) 
(51) 
B. On rat RBC (Red Blood Cells) 
(i) Hydrolysis of membrane-bound lipids 
Table 14 records the hydrolysis of membrane-bound 
phospholipids of RBC uith phospholipaso-D. It is clear 
that the action of pho3pbolipase-D resulted in hydrolysis 
of phospholipids: PC, LPC, PS, and PE. Quantitatively, 
PC uas degraded to maximum extent (46.4 ,i>) folloued by 
LPC (40 ,o) and PS and PE (32 % and 30 % respectively). 
Since PE and SH could not be resolved in TLC solvent 
system employed, the action of phospholipase-D on pure ST^  
uas checked and it uas found that SM uas not degraded by 
phospholipase-D, hence it uas concluded that any decrease 
in the TLC spot corresponding to PE + SFl uas mainly due to 
hydrolysis of PE. Houever, PA uhich is the chief product 
of phospholipoase-D action, uas not detected in the RBC 
membrane to any appreciable extent. Simultaneous uith the 
hydrolysis of phospholipids, cholesterol contents of membrane 
declined to half. Cholesterol uas quantitatively recovered 
in the medium and total lipid-P uas reduced to half. No 
haemolysis of RBC uas demonstrable under these conditions. 
When higher concentrations of pho3pholipase-D (10, 20 
and 30 units/8 mg RBC protein) uere employed, the hydrolysis 
pattern remained more or less the same but significant 
quantity of PA accumulated in the membrane. 
(52) 
The haemolysis (14.0 %) uas demonstrable by employing 
30 units phospholipase-D/3 mg RBC protein (Table 15). At 
lower concentration of phospholipnse-D (10 units/8 mg RBC 
pnhein), PA did not accumulate, nor did the membrane 
rupture as judged by the haemolysis. In this connection, 
it would be pertinent to mention that PA phosphatase activity 
is known to be present in RBC membrane (Hokin and Hokin, 1961) 
and the presence of this enzyme was detected both in the 
presence and absence of exogenous PA. Therefore, any PA 
formed by hydrolysis of PC, PS or PE during treatment with 
phospholipase-D at lower concentration was perhaps 
simultaneously hydrolyzed to P. and diglyceride by membrane-
bound PA-phosphatase. As a result, overall action of 
phospholipase-D on RBC ro :embled to that of phospholipase-C 
which is known to hydrolyze phospholipid to diglyceride and 
phosphorylcholine. Following the action of phospholipase-C 
on erythrocyte, accumulation of diglyceride has been reported 
by several workers (Lenard and Singer, 1969; Glazer et al., 
1970) and discrete patches of digestion on membranes have 
been observed under electron microscope and the membranes 
did not coalesce. Therefore, the true action of phospholipase-D 
on RBC could be studied either by inhibiting the activity 
of PA-phosphetase or by employing much higher concentration 
of phospholipase-D. According to earlier reports, 
phosphatidic acid phosphatase activity is inhibited by high 
+2 
concentration of Ca (Hajra and Agranoff, 1969) but we 
(53) 
failed to inhibit the activity of phosphatidic acid 
phosphatase to any extent. Therefore, it uns considered 
worthwhile to employ higher concentrations of phospholipase-D 
and under the^e conditions accumulation of PA and membrane-
rupture was observed. However, a quantitative relationship 
between the accumulation of PA and the extent of haemolysis 
could not b8 demonstrated because of practical limitation 
of employing higher concentration of phospholipase-D. 
(ii) Partial activation and inactivation of 
membrane-bound enzyme's 
T a b l e 16 shows t h e e f f e c t o f p h o s p h o l i p a s e - D on 
+2 
membrme-bound enzymes. T o t a l ATPase, Ca - ATPase, 
+ 2 + + 
Ng _ ATPase and (Na -i K ) ATPase were i n a c t i v a t e d by 43 %, 
23 %, 29 % and 74 ','* r e s p e c t i v e l y a t 10 u n i t s enzyme 
c o n c e n t r a t i o n and 46 'o, 29 ,o, 23 % and 76 /o r e s p e c t i v e l y a t 
25 units enzyme concentration. Membrane-bound acetyl-choline 
esterase was activated by 46 ,J and 51 ,o at 10 and 25 units 
concentration of the enzyme. By recinstitution of the 
phospholipase-D treated ROC with micellar dispersion of PC, 
PS and cholesterol (lO^uM each/3 mg RBC protein), no restoration 
of ATPase activity was observed. Acetylcholine esterase 
activation is probably due to alteration in protein 
conformation resulting as c consequence of phospholipid 
hydrolysis. Similar activation and inactivation of thymidine 
kinase, glucose-6-phospnatnse nas already been reported 
(Stirpe and La Place, 1371). 
(54) 
(iii) Transphosphatidylation 
Incubation of RBC uith phospholipase-D in presence of 
exogenous choline, ethanolamine or serine resulted in 
increased concentration of PC, PE and PS respectively (Table 
Incubation of RBC uith phospholipase-D and serine ( C) 
resulted in considerable incorporation of the label in the 
lipid fraction uhile the corresponding incorporation in the 
14 
l i p i d s of RBC incubated u i t h C-ser ine i n absence o f 
phospholipase-D uas negligible (Table 13), and fractionation 
of RBC lipid by TLC showed that significant amounts of the 
radioactivity was recoverable in the spot corresponding to 
PS. These results clearly indicate that incubation of RBC 
uith phospholipase-D and bases like choline, ethanolamine 
and serine leads to transphosphatidylation in RBC membrane. 
The effect of transphosphatidylation on (Na + K ) 
ATPase shous that degradation by phospholipase-D in presence 
of choline and ethanolamine decreases (Na + K ) ATPase 
activity uhile the presence of serine in the system increased 
the activity of (Na+ + K+) ATPase (Table 19). 
From the foregoing results it is obvious that membrane-
bound phospholipids of rat RBC and kidney mitochondrial 
fractions are hydrolyzed by phospholipase-D. This is in 
agreement uith earlier reports (Elling and DiAugstine, 1971; 
Kapoor et_ al.. , 1974; Sternberg and Kallant, 1973; Helens and 
Rolland, 1967) where the action of phospholipase-D on subcellu 
organelles has been demonstrated. Various phospholipids are 
(55) 
hydralyzed to different extent and this may either be due 
to substrate specificity or accessibility of the membrane-
bound phospholipids to phospholipase-D. The release of 
cholesterol from the membrane of RBC and mitochondria into 
the medium indicates an intimate phospholipid-choiesterol 
interaction in the membrane so that the removal of phospholipid 
bases by the action of phospholipase-D lends to disturbances 
in phospholipid-choiesterol interaction. In this ronnection, 
it would ba pertinent to mention that hydrogen-bond 
association between hydroxyl group of cholesterol and 
nitrogen of phospholipid b-ses has been envisaged in 
biological and synthetic membranes by Kavanau (1965)(Fig. 6). 
Simultaneous release of membrane proteins into the medium 
also supports the involvement of phospholipid bases in 
lipid-protein binding in the membrane. Fractionation of 
the released protein into homogeneous fractions and 
characterization of the enzyme activity associated with these 
fractions would Drove extremely useful in revealing the 
fine molecular organisation in the architecture of biological 
membranes. 
Changes in the swelling pattern of mitochondrial 
fraction are in agreement with earlier reports where it was 
shown that enrichment of the membranes with cholesterol 
leads to membrane rigidity and increased resistance to water-
permeability (Graham and Green, 1970; Rugqieri and Fallani, 
1963; Feo £t_ jU. , 1975; Bruckderfor ert al_. , 1969; Prasad 
gt. aJL., 1971), and conversely membrane permeability would 
F ig . 6. Hydrogen bond and d i p o l e - d i p o l e i n t e r a c t i o n s between 
n i t rogenous bases of phospho l ip id and hydroxy l 
group of c h o l e s t e r o l molecules. 
C n-i O.H3 ^'• '3 O H 3 ^ " 3 
c=o o=c 
/ 
o 
\ 
H 2 C 
\ 
o 
/ 
CH 
CH3 CH3 
CH2 P 
o'\> 
Fig. 6 
(56) 
increase if the membranes are depleted of cholesterol. 
Disruption of vesicular structure of rat liver microsome 
by treatment uith phospholipose-D has already been 
demonstrated by electron microscopic examination by 
Kapoor et, jal,. (1974) and is presumably due to disturbances in 
electrical charges on the membrane as a result of accumulation 
of PA in the membranes. Results on the action of 
phospholipase-D on RBC also shous that ROC membrane undergoes 
rupture as evidenced by haemolysis. The coalescence of RBC 
membrane may also be attributed to the development of net 
negative charge and such negatively charged RBC membranes 
coalesce due to mutual repulsion. Although chances in membrane 
permeability consequent on hydrolysis of membrane-bound 
phospholipid in case of RBC may be the first real step in 
overall processes lending to lysis, yet several alternatives 
have been suggested. According to Roy (1945) solubilization 
of cholesterol in RBC uith consequent loosening might be 
the real step in overall process. In fact, transfnr of 
cholesterol RBC membr ne to Dlasma has beon noted after 
the action of phospholip-<3e-A (Klibansky et_ al.. , 1967). 
Inactiva'ion of membrane-bound ATPasos in phospholipase-D 
treated kidney mitochondria and RBC of rat n^d activation 
of acetylcholine esterase of RBC has been observed in the 
present investigation. This is in agreement uith earlier 
reports where activation and inactivation of various 
membrane-bound enzymes of 3ubcellular organelles has been 
(57) 
reported (Stirpe and La Placa, 1971). Partial inactivation 
+2 
of G-6-Pase and Ca - ATPase of rat liver microsomes treated 
uith phospholipase-D has been reported by Kapoar ert ad. (1974) 
and the inactivation of particulate succinate dehydrogenase 
by the action of phospholipase-D has been shown by Cerletti 
e_t. jJ. (1969). However, soluble succinate dehydrogenase 
activity was reported to be unaffected by phospholipase-D 
(Cerletti ejt .al. , 1969). 
Transphosphatidylation in isolated phospholipids in 
the presence of phospholipase-D and primary alcohol such as 
choline, ethanolamine, serine, methanol and ethanol has 
been reported by several workers (Yang e_t
 <al. , 1967; 
Dawson, 1967). Survey of relevant scientific literature 
reveals that such a phenomenon ha9 njt been reported to 
occur in biological membranes either _in_ vivo or i_n_ vitro 
although very recently lysophospholipase-D type of activity 
has been reported from mammalian brain microsomes (Uykle 
and Schremmer, 1974). The present studies establish beyond 
any shad]w of doubt that transphosphatidylation of membrane-
bound phospholipids of rat kidney mitochondrial fraction 
and RBC takes place in_ vitro in the presence of partially 
purified phospholipase-D from cabbage which is free from 
any proteolytic or phospholipase-A or C activity. At present 
it is difficult to ascertain with certainty the exact 
significance of this finding in the dynamics of biological 
membranes, yet the possibility of the existence of a 
(58) 
phospholipase-D or a similar enzyme being present and 
media t ing the exchange o f bases i n rnammalin membranes cannot 
be ignored any longer. However, the characterization 
of this enzyme is beset with limitations of experimental 
approach. 
The effect of transphosphatidylation in presence of 
in RBC 
choline, ethanolamine and serine on (Na + K ) ATPase/as well 
as mitochondrial fraction shows that perhaps PS is more 
intimately involved in the maintenance of the activity of 
(i\la + K ) ATPase (perhaps active conformation). On the 
contrary, enrichment of membrane with PC and PE leads to 
decreased enzyme activity. The results are in agreement 
with earlier reports (Kimelberg, 1975; Kimelberg and 
Papahadjopoulos, 1972) where enrichment of the membrane 
with PS leads to increase in the activity of (Na + K ) ATPase. 
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Table 19 - Effect of transphosphatidylation 
on (Na+ + K+) ATPase activity of 
RBC, 
Inactivation 
and 
activation (%) 
Choline 40 (-) 
Ethanolamine 34 (-) 
Serine 20 (+) 
+ Bases uere added simultaneously uith 
phospholipase-D; final concentration of 
each base was 4 % (u/v). 
Incubated at 25°C for 1 hr. (25 units 
phospholipase-D/8 mg RBC protein). 
(-) denotes inactivation and (+) denotes 
activation. 
Bases 
SECTION - I I 
IN VITRO EXCHANGE OF LIPIDS CONSTITUENTS 
IN RAT MITOCHONDRIAL FRACTION 
(59) 
SECTION-!! 
In vitro exchange of lipids constituents in 
rat mitochondrial fraction 
T O 
(*) Uptaks o f P - l abe l l ed phosphol ip ids 
32 
P - labe l l ed phosphol ip ids o f r a t l i v e r wars taken 
UP i l l ^ i t r o by r a t k idney m i t ochond r i a l f r a c t i o n and 
q u a n t i t a t i v e l y maximum uptake ua3 ev ident at 2 JU moles 
phospho l ip id f r a c t i o n / 4 . 5 mg m i t ochond r i a l p r o t e i n . 
Therefore, in all subsequent experiments the concentration 
of phospholipids employed was kept at 2 n moles (Table 20). 
It is clear from Table 21 that when mitochondrial 
fraction uas incubated uith PC, PS and PE and PA, the 
individual phospholipids uere taken up; quantitatively the 
uptake of various phospholipids uas more or less the same. 
Houever, the uptake of PA uas comparatively less (50 n moles/mg 
protein). 
( i i ) Release o f P - l abe l l ed phospho l ip ids and C c h o l e s t e r o l 
by exogenous phospho l ip ids 
32 When P- labe l l ed m i t ochond r i a l f r a c t i o n uas incubated 
u i t h exogenous phospho l ip ids ( u n l a b e l l e d ) , some of membrane-
bound phospho l ip ids uere re leased i n t o the medium. Release 
of membrane-bound phosphol ip ids uas not demonstrable i n the 
absence of exogenous phospholipids but in the presence of 
32 PC, PE and PS, re lease o f membmne-bound P - l abe l l ed 
phospholipids uas observed. It is interesting to note that 
exogenous phospholipids displayed specificity, for example, 
addition of unlabelled PC (2 JJ moles/4.5 mg protein) resulted 
(60) 
in the release of 50.4 n moles/mg mitochondrial protein 
into the medium and no other phospholipid was released into 
the medium. Similarly, exogenous PE a nd PS caused the 
32 
release of membrane-bound P-labelled PE and PS (6.0 and 
1.90 n moles/mg mitochondrial protein respectively). Thus 
there uas no uptake of respective phospholipids. However, 
bovine kidney PPL which ha3 been reported to be o-peptide 
( t r i or t e t rn ) der ivat ive of PA and displays Ca -binding 
in v i t ro failed to dislodge any of the membrane-bound 
phospholipids. Similar ly , exogenous PA fai led to cause 
the release of membrane-bound phospholipids (Table 22). 
14 Incubation of C-labelled mitochondrial fraction 
ui th exogenous phospholipids resul ted in the release of 
14 
membrane-bound C-cholesterol in to the medium. All the 
phospholipids such as PC, PS, PE and PA except buffalo 
kidney PPL employed in the present inves t iga t ion were found 
to be effect ive in re leasing membrane-bound choles te ro l . 
Quant i ta t ive ly , release of choles terol by exogenous 
phospholipids was in the order: PC> PA> PS> PE (Table 23). 
Therefore, i t i s c lear that incubation of the mitochondrial 
fract ion ui th exogenous phospholipids resulted in an 
exchan e of both the choles terol and phospholipids of the 
membrcnes. 
( i i i ) Swelling in v i t ro and ATPase ac t i v i t y 
I t i s evident from Table 24 tha t mitochondrial fraction 
enriched with phospholipids PC, PE and SM exhibited decreased 
(61) 
swelling in_ vitro while enrichment uith PS and PPL resulted 
in increased swelling a3 compared to normal mitochondrial 
fraction. Enrichment uith PC was found to decrease swelling 
in vitro maximally followed by SCI and PE whereas PS and PPL 
enriched mitochondrial fraction exhibited maximum swelling 
as compared to control. 
The activity of total ATPase was found to be reduced 
in the mitochondrial fractions enriched with respect to 
PC, PE and SM whereas (Na+ + K+) ATPase was inactivated 
in mitochondrial fraction pretreated with PC, SFl and PE 
in decreasing order of inactivation. On the other hand, 
uptake of PS and PPL by mitochondrial fraction resulted 
in increased activity of total and (Na + K ) ATPase. 
PPL activated the (Na+ + K+) ATPase maximum followed by PS. 
It is significant that both these phospholipids are acidic 
and must have been absorbed or incorporated at sites in 
+ 2 the membranes with net electropositive charge . Ca - ATPase 
activity was not affected at all by the uptake of any of 
the phospholipids. 
It seems that the mitochondrial swelling i_n_ vitro and 
activity of cation-stimulntod ATPase3 are closely interrelated 
with phospholipid composition of the membranes. Enrichment 
of the membranes in respect of PC, PE and SM reduced the 
activity of (l\la + K ) ATPase as well as caused reduction 
in mitochondrial swelling. On the other hand, enrichment 
with PS and PPL increased the (Na+ + K+) ATPase activity 
as well as swelling iri vitro. 
(62) 
(iv) Ca -binding 
It is clear from Table 25 that uptake of PC, SM and PE 
45 +2 
did not affect Ca -binding significantly whereas 
incubation uith PS resulted in significant increase in 
Ca -binding. The amount of Ca -binding uas more 
than doubled in mitochondrial fraction pretreated uith PPL 
as compared to untreated mitochondrial fraction (21.4 n moles 
Ca /mg protein and 7.09 n moles/mg protein for PPL 
treated and untreated mitochondrial fraction). 
The observation that the uptake of PC, SFi and PE 
45 +2 did not affect the Ca -binding indicate that probably 
these phospholipids do not play important role in cation-
exchange; on th8 other hand, PS and PPL increased 
Ca -binding significantly. Being acidic phospholipids, 
PS and PPL are probably involved in cation exchange in 
mitochondrial membranes. In this connection, it uould be 
pertinent to mention that PPL which is tri or tetra peptide 
derivative of PA and isolated from buffalo kidney by 
/ \ +2 
Prasad and Garg (1973) has been found to display Ca -binding 
in vitro. Similar phospholipopeptide possessing cation 
exchange properties and rich in serine uas isolated from ox 
brain by Heald (1961; 1962) and reported to display specific 
cation binding. Presumably, PS and PPL play an important 
role in cation transport across membranes in kidney, the 
most important physiological function of this organ in 
mammals. 
Fig. 7. Structures of sterols 
A. Cholesterol 
8. Ergosterol 
C. jB-sitostsrol 
D. Lanosterol 
and triterpenoids used. 
E. ft -amyrin 
F. Lupeol 
G. Taraxerol 
HO 
Fig. 7 
(63) 
(v) Exchange of lipid constituents by exogenous sterols 
and triterpenoids 
14 Incubation of mitochondrial fraction with C-
14 
cholesterol nnd C-ergosterol resulted in the uptake 
of exogenous sterols (Table 26 and 27). 
32 
Incubation of the mitochondrial fraction ( P-labelled) 
uith unlnbelled exogenous sterols resulted in the releo3e of 
membr-.ne-bound phospholipids. No release of membrane-
bound phospholipids uas observed unen mitochondrial 
fraction uas incubated in the absence of exogenous sterols. 
Of the sterols employed, only cnolesterol uas found to be 
effective in releasing membrane-bound PC and PA. However, 
PE ->nd PS uere not released even by cholesterol. Incubation 
uith lnnosterol, ergostorol, p -sitosterol,£-omyrin, lupeol 
and taraxerol did not reault in the release of membrane-bound 
phospholipids (Table 23). 
It is clear from Table 29 that the uptake of cholesterol, 
lnnosterol, ergosterol and /B-sitosterol by mitochondrial 
membranes resulted in the release of free and esterified 
cholesterol. Cholesterol uas most effective in releasing 
membrane-bound free cholesterol (3.3 n moles/mg protein) 
followed by lanosterol and ergosterol. Similarly 
cholesterol uas found to be most active in releasing 
membrane-bound esterified cholesterol (1.3 n mole/mg protein). 
14 14 
The uptake of C-cholesterol and C-ergosterol uas clear 
from the incorporation of radioactivity in the mitochondrial 
(64) 
membranes. However, this phenomenon could not be demonstrated 
uith lanostorol,/3-sitosterol, /3-amyrin, lupeol and 
14 
taraxerol, because corresponding C-compounds uere not 
available. However, increase in total LB positive material 
(Liebermann and Burchard reaction) in the mitochondrial 
fraction incubated uith these compounds gives a reasonable 
indication that all these sterols and triterpenoids uere 
either incorporated or adsorbed on the mitochondrial 
membranes. It is significant to observe that exogenous 
cholesterol was able to dislodge a number of phospholipids 
of the mitochondrial membrane but none of other sterols or 
triterpenoids released any of the membrane bound phospholipids. 
(vi) Effect of exchange uith exogenous sterols and triterpenoids 
on i_n vitro swelling and ATPase activity 
Table 30 shows the effect of enrichment of the 
mitochondrial fraction uith sterols and triterpenoids on 
in vitro swelling and cation-stimulated ATPase activity. 
It is evident that mitochondrial fraction treated with 
exogenous cholesterol, ergosterol and ^-sitosterol exhibited 
less swelling as compared to normal mitochondrial fraction. 
Activity of total and (Na + K ) ATPase were also inhibited 
in mitochondrial fraction enriched uith sterols. However, 
+2 Ca - ATPase activity remained unaffected by these sterols. 
The Table also shous that mitochondrial fraction enriched 
uith P -amyrin, lupeol and taraxerol exhibited decreased 
suelling i_n_ vitro as uell as (Na+ + K+) ATPase activity. 
+2 
None of the t r i t e rpeno ids affected the Ca - ATPase ac t iv i ty . 
(65) 
The results of above exchange experiments are 
summarized in Table 31 and 32. It is clear that when 
mitochondrial fraction was incubated with cholesterol only 
membrane-bound PC and PA were released into the medium 
(1.5 mole PC released from membrane/mole of cholesterol 
incorporated). This is consistent uith the molecular 
dimensions and cross sectional areas of cholesterol and 
PC molecules (42 A0 PC and 3B A°cholesterol). However, 
no other phospholipids uas dislodged by cholesterol. 
It is interesting to observe that incubation of 
mitochondrial fraction uith other at rols such as 
ergosterol, lanosterol and £ -sitosterol and triterpenoids 
P -amyrin, lupeol and taraxerol did not release any of the 
membrane-bound phospholipids. The relationship between 
PC and cholesterol appears to be unique and is perhaps 
menifestation of the ease uith which PC and cholesterol 
complex with each other. 
Uhen mitochondrial fraction was incubated with PC, 
PS, PE and PA, all the exogenous phospholipids uere taken 
up by the membrane and simultaneously membrane-bound 
cholesterol was released into the medium. Quantitatively, 
10 moles of PC or 37.5 moles of PS or 40.5 moles of PE 
or 22 moles of PA uere token up for each mole of cholesterol 
released. This does not agree with molecular dimensions 
of cholesterol and other phospholipids. Therefore, it 
appears that quantitatively the major part of uptake of 
phospholipids and sterols uas due to adsorption or absorption 
(66) 
on membrane surface. Nevertheless, the actual exchange of 
phospholipids and sterols in membrane matrix was also 
demonstrable without any shadow of doubt and might have been 
mediated by vesicle»cell lipid fusion and vesicle-cell 
lipid exchange a3 envisaged by Pagano and Huang (1975) in 
cultured V
 n cells of Chinese Hamster. 7 9 
The mitochondrial membranes enriched with PC, PE and 
5n exhibited decreased swelling iji vitro while those 
enriched with PS and PPL exhibited increased swelling 
ID. vitro. The uptake of phospholipids (PC, PE and Sl*l) 
caused reduction in swelling jjn vitro as well as partially 
inactivated total and (l\la + K ) ATPases; on the contrary, 
the activity of total and (Na + K+) ATPases was increased 
by uptake of PS and PPL which also increased swelling 
in vitro. This suggests a close relationship between swelling 
in vitro and (Na + K ) ATPase activity and specific roles 
of individual phospholipids in these processes. Perhaps, 
acidic phospholipids such as PS and PPL are intimately 
involved in maintaining the active conformation of (Na + K ) 
ATPase. The requirement of acidic phospholipids such as 
PS and PG in the maintenance of activity of purified 
(Na + K ) ATPase has already been reported (Ohinishi and 
Kawamura, 1964; Wheeler and Uhittam, 1970; Kimelberg and 
Papahadjopaulos, 1972). 
(67) 
The ability of unesterified cholesterol to exchange 
both ij2 vivo nnd iji vitro in RBC and other membranes has 
been reported by various workers (Hangerman and Gould, 1951; 
Eckles est. a_l., 1955; Gould et_ _§_1. , 1955; London and Schuarz, 
1953; Porte and Havel, 1961; Murphy, 1962; Eicholz and Crane, 
1965; Emmelot e_t aJU , 1964; Uhittaker, 1966; Peters, 1962). 
The enrichment of membranes by incubation in vitro with 
exogenous sterols has also been demonstrated (Graham and 
Green, 1970; Bruckdorfer et. a_l. , 1968; Bruckdorfer and 
Green, 1967; Bruckdorfer e_fc ,al. , 1969). The uptake of 
ergosterol, p> -sitosterol and lanosterol in the present 
investigation is in agreement uith the earlier uork of 
Bruckdorfer §t_ _al.. (1969), uhere it uas demonstrated that 
membrane-bound cholesterol of RBC can be replaced by 
exogenous sterols such as ergosterol, lathosterol and 
stigma3terol. The present observation that esterified 
cholesterol of the membrane remains more or less unaffected 
by exogenous sterols and triterpenoid3 is in agreement uith 
the report of Graham and Green (1970) uho showed that 
esterified cholesterol lacked the ability to exchange uith 
exogenous sterols. 
Enrichment of the mitochondrial fraction uith choleste 
ergosterol, lanosterol and (Z -sitosterol and triterpenoids 
P -amyrin, lupeol and taraxerol resulted in decreased 
swelling in_ vitro and decreased (Na + K ) ATPase activity 
+? 
uhile Ca -ATPase activity remained more or less unaffected. 
(68) 
It has been envisaged that the enrichment of the membranes 
with cholesterol results in close packing in hydrophobic 
region in membranes and hence increased resistance to swelling 
in vitro and consequent changes in the activity of membrane-
bound enzymes and membrane permeability (Graham andGreen, 1970; 
Prasad et al., 1971; Bruckdorfer e_t ai,. , 1969; Kroes and 
Ostuald, 1971). Inhibitory effects of cholesterol on 
(Na + K ) ATPase has been reported by Kimelberg and 
Papahadjopoulos (1974). 
Exchange of phospholipids and sterols in membrane 
matrix is expected to affect the immediate environment of 
membrane proteins (both the membrane-bound enzymes and 
structural proteins) and partially alter the functions of 
the membranes. At the same time, adsorption or absorption 
of lipid constituents particularly of amphipathic molecules 
such as phospholipids may also affect, at least, activity 
of some membrane-bound enzymes present on the membrane 
surface and membrane pores involved in the transport. 
The changes involved in swelling i_n_ vitro of mitochondrial 
fraction and (l\la + K ) ATPase activity are due to net 
exchange in membrane as uell as surface adsorption or 
adsorption. However, relative contribution of the two 
processes in membrane functions is rather difficult to 
assess at tnia stage. 
* ,32 Table 20 - Uptake of l i v e r phosphol ip ids ( P-
label led) by ra t kidney mitochondrial 
f ract ion"1" . 
Phosphol ip ids added , Phosphol ip ids uptake 
( / j f l l i p i d P) , ( ^jn/mg p r o t e i n ) 
0.50 0.09 
1.00 0.18 
1.50 0.23 
2.00 0.27 
2.50 0.30 
3.00 0.30 
* Liver phospholipids were isolated from total 
lipids by preparative TLC. 
+ Mitochondrial fraction (4.5 mg protein) uas 
incubr.ted with 32p_labelled total phospholipids 
fraction of rat liver. 
Table 21 - Uptake of individual phospholipids 
(32P-labelled) by mitochondrial 
fraction . 
Phospholipids added , Phospholipids uptake 
(2.0^1*1/4.5 mg protein), ( nN /mg protein) 
PC 8 0 . 4 0 
PS 81.20 
PE 93.00 
PA 5 0 . 0 0 
Calculated an the basis of radioactivity 
incorporated in membrane pellets. 
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Table 23 - Release of membrane-bound cholesterol 
from 14C-labelled mitochondrial 
fraction by exogenous phospholipids. 
Phospholipids added
 f Hembrane-bound ^ 
(2yuM/4,5 mg
 t cholesterol released 
mitochondrial protein) . ( nM/mg protein) 
None 
PC 2.60 
PS 1.73 
PE 1,20 
PA 1.35 
PPL 
* The supernatnnts wore analyzed as described in 
Table 22. 
(-) denotes not detscted. 
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maximally suollan mitochondrian (enriched 
with PPL), stained with lead citrate and 
uranyl acetate, magnification x 52,000. 
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Table 25 - Effect of exogenous lipids on 
Ca -binding with mitochondrial 
fraction • 
Lipids added 
(2/JM/4.5 
mitochondrial 
protein) 
Ca -binding 
(nfl /mg protein) 
Mone 
PC 
PE 
P5 
PPL 
Cholesterol 
7.09 
7.23 
7.20 
7.B0 
9.50 
21.40 
138.00 
Preincubation same as for Table 24. Uashed 
mitochondrial fraction resuspended in 0.25 M 
sucrose and Ca+2 (4.00/JM) as CaCl in dil. 
HC1 adjusted to pH 7.2 added and incubated for 
10 min at 37°C in metabolic shaker. 
Radioactivity assayed in uashed mitochondrial 
pellets. 
Calculated on the basis of radioactivity. 
14 Tab le 26 - Uptake o f C - c h o l e s t e r o l by k i d n e y 
mitochondrial fraction*. 
Cholesterol added 
( JU moles) 
Cholesterol uptake 
( n moles/mg protein ) 
0.50 
1.00 
1.50 
2 .00 
2 . 5 0 
3 .00 
2 .50 
8.00 
15.00 
1B.20 
18.00 
18.00 
+ Incubation as in Table 24. Radioactivity 
assayed in uashed mitochondrial pellets. 
Table 27 - Uptake o f 1 4 C - e r g o 3 t e r o l by 
m i t ochond r i a l f r a c t i o n . 
E rgos te ro l added 
( u moles) 
0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
( 
E] 
n 
rgoa te ro l i n take 
moles/mg p r o t e i n ) 
66.40 
120.20 
150.80 
160.00 
163.00 
164.00 
+ Same a3 fo r Table 26. 
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Table 29 - Release of membrane-bound lipids from 
( C-labelled) mitochondrial fraction 
uith exogenous sterols and triterpenoids 
Sterols and Triterpenoids 
added 
(2 JU moles/4.5 mg protein) 
Membrane-bound lipid released 
( n moles/mg protein) 
Free
 t 
cholesterol , 
Esterified 
cholesterol 
None 
Cholesterol 
Lanosterol 
Ergosterol 
A -sitosterol 
P> -amyrin 
Lupeol 
Taraxerol 
3.30 
2.40 
1.60 
1.85 
2.60 
2.15 
2.00 
1.30 
0.65 
0.80 
0.70 
Incubation and analysis of supernatants same as 
in Table 22. 
(-) denotes not detected. 
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GENERAL CONCLUSION 
The r e s u l t s o b t a i n e d i n t h i s d i s s e r t a t i o n c l e a r l y 
show t h a t : 
Membrane-bound PC, PE and PS o f r a t k i d n e y m i t o c h o n d r i a l 
f r a c t i o n and RBC are h y d r o l y z e d by p h o s p h o l i p a s e - D wh ich 
i s f r e e f rom p r o t e o l y t i c o r p h o s p h o l i p a s e A or C a c t i v i t y . 
S imu l t aneous w i t h h y d r o l y s i s o f membrane-bound p h o s p h o l i p i d s , 
c h o l e s t e r o l i s r e l e a s e d f rom t h e membranes i n t o t h e medium 
but PA, t h e main p r o d u c t o f p h o s p h o l i p a s e - D d i g e s t i o n , 
remains bound t o t h e membranes. 
F o l l o w i n g t h e a c t i o n o f p h o s p h o l i p o a s e - D , s w e l l i n g 
i n v i t r o o f m i t o c h o n d r i a i 3 i n c r e a s e d i n i t i a l l y , l e a d i n g 
u l t i m a t e l y , t o r u p t u r e o f t h e m i t o c h o n d r i a l membranes. 
S i m i l a r l y , p h o s p h o l i p a s e - D t r e a t e d RBC a l 3 o e x h i b i t e d r u p t u r e 
o f c e l l membrane wh ich was m e n i f e s t i n h a e m o l y s i s . Membrane-
bound ATPases (Na + K ) ATPase, Ca - ATPase and Ng - ATPase 
o f m i t o c h o n d r i a l f r a c t i o n as w e l l as o f RBC a re p a r t i a l l y 
i n a c t i v a t e d d u r i n g h y d r o l y s i s w i t h p h o s p h o l i p a s e - D bu t 
membrane-bound a c e t y l c h o l i n e e s t e r a s e o f RBC i s p a r t i a l l y 
a c t i v a t e d . 
R e c o n s t i t u t i o n o f t h e p h o s p h o l i p a s e - D t r e a t e d 
m i t o c h o n d r i a w i t h PC and PS r e s u l t e d i n p a r t i a l r e s t o r a t i o n 
o f ATPase a c t i v i t y w h i l e r e c o n s t i t u t i o n w i t h PE and 
c h o l e s t e r o l d i d no t r e s t o r e t h e a c t i v i t y o f any o f t h e ATPases. 
(70) 
Reconstitution of phospholipase-D t rea ted RBC with any of 
the3e phospholipids or choles terol did not res tore the ATPase 
a c t i v i t y . 
Treatment of the mitochondrial fraction ui th 
phospholipase-D resul ted in the increased capacity of the 
45 +2 
membrana3 to bind uith Ca . PA accounted for most of 
the Ca - binding uith membrane, however, certain amounts 
of Ca also bound uith membrane protein, the latter uas 
unaffected by treatment uith phospholipase-D. 
Transphosphatidylation of membrane-bound PC, PE 
and PS in presence of exogenously added choline, ethanolamine 
and serine respectively, uas clearly demonstrated both in 
mitochondrial fraction and RBC. In a transphosphatidylating 
system containing serine uhich resulted in increased 
concentration of PS in the membranes, (Na+ + K+) ATPase 
ua3 stimulated uhile in presence of choline and ethanolamine, 
the enzyme uas partially inactivated, both in the 
mitochondrial fraction and RBC. 
Incubation of mitochondrial fraction uith exogenous 
phospholipids resulted in uptake of phospholipids and release 
of membmne-bound cholesterol, whereby, there uas a net 
enrichment of mitochondrial membrane uith specific 
phospholipids and it uas found that the mitochondria 
enriched uith PC, PE and SM exhibited decreased swelling 
in vitro and considerable louerlng in the activity of total 
ATPase and (Na + K ) ATPase uhile Ca - ATPase remained 
(71) 
unaffected. On the other hand, mitochondrial fraction 
enriched uith PS and PPL isolated from buffalo kidney showed 
increased swelling and increased activity of total and 
(Na + K ) ATPases. The capacity of the mitochondrial 
45 +2 
fraction to bind with Ca ijn, vitro was not affected by 
enrichment uith PC, PE and SM but enrichment uith PS and 
PPL resulted in significant increase in Ca - binding 
capacity. 
Similarly, incubation of rat kidney mitochondrial 
fraction uith exogenous cholesterol, ergosterol, 
/3 -sitosterol, lanosterol, /5 -amyrin, lupeol and taraxerol 
resulted in the uptake of all these lipid constituents. 
Exogenous cholesterol alone uas able to dislodge membrane-bound 
PC and PA uhile membrane-bound PS and PE remained unaffected. 
Incubation of mitochondrial fraction uith lanosterol, 
p -sitosterol, ergosterol,S -amyrin, lupeol and taraxerol 
did not result in the release of membrane-bound phospholipids. 
Under these conditions, incubation uith all these compounds 
led to decreased suelling iji vitro and decreased activity 
of total ATPase and (Na+ + K+) ATPase. 
Thus, it is concluded from the above results that: 
1) Lipid composition of the membranes can be altered 
by incubation of the mitochondrial fraction uith exogenous 
phospholipids and sterols. Under these conditions, the 
fatty acid composition of the phospholipid incorporated 
may not be identical to the phospholipid molecule dislodged 
(72) 
from the membranes; there is simultaneous release of 
membrane-bound cholesterol; and certain amount of surface 
adsorption also occurs. Phospholipid composition can be 
altered by carrying out transphosphatidylation of the 
membranes jm vitro in the presence of phospholipoase-D 
and exogenous bases serine, ethanolamine, and choline. 
Under these conditions, the fatty acid-moeities of 
membrane-bound phospholipids are not disturbed. 
2) Employing both the techniques, viz., in vitro 
transphosphatidylation and incubation uith exogenous 
lipids, it has been possible to demonstrate that swelling 
in vitro of rat kidney mitochondria and the activity of 
(Na + K ) ATPase uas almost directly correlated to each 
other, both of which are very much affected by acidic 
phospholipids. Elevation of sterol level in the membranes 
leads to decreased swelling iji vitro as well as reduction 
in the activity of (Na + K+) ATPase. 
These findings elucidate uith certain amount of 
specificity the rale of individual phospholipids, especially 
their ba3es and sterols, in membrane permeability and the 
activity of membrane-bound cation-stimulated ATPases in 
purified mitochondrial fraction of rat kidney and rat RBC. 
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